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PREFACE 

Pharmacokinetics, the study of the time course of drug and 

metabolite levels in various body fluids and tissues, has grown rapidly 

since its formal recognition as a iree-standing discipline by the 

National Institutes of Health in 1972. Recently, considerable atten

tion has been directed to various factors influencing pharmacokinetics. 

In addition, increasing interest has developed regarding the unique 

pharmacokinetic characteristics noted in the young and in the elderly 

when compared to healthy normal adults. The purpose of this study was 

to investigate the influence of nutrition on pharmacokinetics in the 

elderly; specifically, the influence of vitamin C on the pharmaco

kinetics of caffeine. 

The initial concept for this study was developed in July, 1977, 

and was the result of several years of graduate courses in the areas 

of pharmacokinetics, pharmacology, biochemistry, and nutrition. A 

grant proposal was written and submitted to the National Institute on 

Aging in February, 1978, which was subsequently funded in December, 

1978. Preliminary preparations for the study were begun at this time 

including the solicitation of potential volunteers, the development of 

assay procedures, and the compilation of nutritional information. A 

pilot study, consisting of ten pharmacokinetic trials in one individual 

over a period of two months, was conducted to determine the appropriate 

iii 
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dose and administration procedures for caffeine, the reliability of 

the analytical techniques, the palatability of the dietary modifica

tions, the approximate time interval and degree of vitamin C restriction 

required to reduce body levels of the vitamin, and the approximate time 

interval and dosage regimen of supplemental vitamin C required to restore 

body levels of the vitamin to control values. The recruitment of volun

teers for the study was completed by September, 1979, and the first set 

of subjects was admitted to the hospital in October, 1979. The last 

pharmacokinetic trial was conducted in December, 1979, and the assay of 

samples and evaluation of the data was completed by May, 1980. 

This study was the first to investigate the pharmacokinetics of. 

caffeine in the elderly. It was also the first to investigate the 

influence of vitamin C on caffeine pharmacokinetics in man. While the 

4 scope of this study was not intended to provide a definitive statement 

on the general relationship between nutrition and pharmacokinetics, it 

is hoped that the results will find application in several disciplines 

of basic and applied sciences and that they will provide a significant 

contribution to the growing body of knowledge dealing with the unique 

pharmacokinetic characteristics observed in the elderly. It is also 

hoped that this study will provide a foundation for the additional 

research needed to clarify the complex interrelationships between 

nutrition and pharmacokinetics in man. 

In conclusion, I wish to thank the many individuals who have 

contributed to the successful completion of this study and to the 

preparation of this manuscript. I especially acknowledge the guidance 



and direction provided by Jajnes Blanchard, Donald G, Perrier, Michael 

B. Mayersohn, Lincoln Chin, and I. Glenn Sipes. I am deeply indebted 

to Kenneth A. Conrad and Gail G. Harrison for their assistance with 

the clinical and nutritional aspects of this study. Special thanks 

are due Leon Ellenbogen from Lederle Laboratories for his assistance 

in the special formulation of Centrum**- tablets without vitamin C and 

Philip J. Garry for consultation in the development of the vitamin C 

assays. I also thank Gregory Schwemer and Thomas E. Moon for their 

help with the statistical evaluation of the data. The skilled techni

cal assistance of Judy A. Mohammadi is hereby gratefully acknowledged, 

as is the- excellent typing and proofreading of Carol Sowerby, Linda 

Pace, and Elizabeth Carmany. In addition, I wish to personally thank 

the late Henry W. Winship, III, Jack DeBartolo, and Jack R. Cole for 

their valuable council and encouragement; the gentlemen who graciously 

served as subjects for this study; my parents, Leif and Evelyn Trang, 

for their unwavering support and encouragement; the Lord for a special 

measure of inspiration and grace; and especially my beloved wife, Judy, 

for her excellent typing, unfeigned love, unselfish support, and infinite 

patience in coping with difficult and strenuous circumstances arising 

from the pursuit of this study. 

Funding for this study was provided by grants from the Univer

sity of Arizona Foundation (No. 311186) and the National Institute on 
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John M. Trang 

The words of the wise are as goads, and as nails 
fastened by the masters of assemblies, which are given 
from one shepherd. And further, by these, my son, be 
admonished: of making many books there is no end; and 
much study is weariness of the flesh. 

Let us hear the conclusion of the whole matter: 
fear God, and keep his commandments: for this is the whole 
duty of man. For God shall bring every work into judgement, 
with every secret thing, whether it be good, or whether it 
be evil. 

— Solomon from 
Ecclesiastes 12:11-14 
(New American Standard Version) 
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ABSTRACT 

The influence of vitamin C on the pharmacokinetics of caffeine 

was investigated in ten elderly males, age 66 to 86 years. Caffeine 

(4 mg kg-̂ ) was administered intravenously on three different occasions 

over a seven-week period: before vitamin C restriction, after approxi

mately four weeks of vitamin C restriction (15 mg dietary intake per 

day), and after two weeks of vitamin C supplementation (500 mg orally, 

twice daily). Blood and urine samples were collected over a 48-hour 

t 

period following each caffeine administration. The plasma half-life 

(ti^) , rate constant of elimination (K.) , apparent volume of distribu

tion (V), total body clearance (TBC), renal clearance (RC), and meta

bolic clearance (MC) of caffeine were determined. Simultaneous plasma 

(PVC) , whole blood (WBVC), and leukocyte (.WBCVC) vitamin C concentrations 

were obtained. All of the mean vitamin C values determined at the first 

kinetic trial (KT-1) were within the normal ranges for the respective 

biologic fluid or tissue. All of the mean vitamin C values changed 

significantly during the study; decreasing to below the normal ranges 

by the second kinetic trial (KT-2) following dietary vitamin C restric

tion, and increasing to the normal ranges by the third kinetic trial 

(KT-3) following vitamin C supplementation. All of the decreases and 

increases in the individual and average vitamin C concentrations 

paralleled the observed decreases and increases in the daily vitamin 

C intake. None of the caffeine pharmacokinetic parameters evaluated 

xviii 
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changed significantly during the study. The mean rate constant of 

elimination was approximately 0.15 hr~^-, the average plasma half-life 

was approximately 4.5 hours, and the mean apparent volume of distribu

tion was approximately 500 ml kg-̂  for all three kinetic trials. The 

average total body, renal, and metabolic clearances were approximately 

76.9, 1.3, and 76.0 (ml hr~"l)kg--'', respectively, for all three kinetic 

trials. 

With the exception of V and TBC, the various pharmacokinetic 

characteristics investigated were in general agreement with data re

ported for younger subjects. The average apparent volume of distribu

tion determined at any of the kinetic trials was about 16% lower than 

the value reported for young, healthy subjects. Similarly, the mean 

total body clearance observed was about 21% lower than that observed 

in young, healthy subjects. Since the average elimination rate constant 

observed in these elderly subjects is similar to the values observed in 

younger subjects and since TBC is equal to the product of V times K, the 

reduced TBC observed in this study appears to be due to the reduction in 

V, rather than to a decrease in the intrinsic metabolic capacity of the 

liver with aging. No relationship between vitamin C intake and/or body 

levels and the pharmacokinetics of caffeine was observed. These results 

indicate that the elimination of caffeine in the elderly is not affected 

significantly by the concentrations of vitamin C achieved during the 

study. 



CHAPTER 1 

INTRODUCTION 

The elderly comprise an ever-increasing segment of the population 

and are unusually susceptible to adverse drug reactions (Basen, 1977). 

Although the incidence of adverse drug reactions in the elderly is sig

nificantly greater than in the young, the underlying mechanisms for this 

phenomenon are not well understood. Adverse drug reactions are, in part, 

attributable to age-related changes in the absorption, distribution, me

tabolism, and excretion of drugs; all of which can affect the pharmaco

logic characteristics of a drug and, ultimately, its pharmacologic action 

and toxicity. The body of scientific literature dealing with the unique 

pharmacokinetics encountered in the elderly is small, and there is a need 

for more data. 

The elderly often have lower than normal plasma levels of essen

tial nutrients in comparison to the accepted values for young adults 

(Brin and Bauernfeind, 1978), however, the significance of these "lower 

than normal" values is not well established. The potential for vitamin 

deficiencies in the elderly and the influence of nutrition on the aging 

process has become a topic of increasing interest in the past decade. 

Nutritional deficiencies have been shown to affect the kinetics of many 

drugs directly by altering their metabolism (Basu and Dickerson, 1974). 

Specifically, vitamin C has been shown to influence the oxidative 

1 



metabolism of a variety of drugs (Zannoni and Sato, 1975). However, 

the relationship between nutrition and drug metabolism has not yet 

been studied extensively in humans. 

The overall objective of this study was to evaluate the influence 

of vitamin C on the pharamcokinetics of caffeine in an elderly population 

sample. To accomplish this objective the following specific aims were 

established. 

(i) to identify and select ten male volunteers over 65 years of 

age, and to evaluate their physical and nutritional condition; 

(ii) to evaluate the plasma (PVC), whole blood (WBVC), and leukocyte 

(WBCVC) vitamin C concentration in each subject before a period 

of dietary vitamin C restriction, after a period of dietary 

vitamin C restriction, and after a period of vitamin C supple

mentation; 

(iii) to investigate the pharmacokinetics of caffeine in each subject 

before a period of dietary vitamin C restriction, after a period 

of dietary vitamin C restriction, and after a period of vitamin 

C supplementation; and 

(iv) to evaluate the relationship between PVC, WBVC, and WBCVC 

values and the plasma half-life (ti^) and metabolic clearance 

(MC) of caffeine. 

It is postulated that a reduction of the daily dietary intake of vitamin 

C will decrease the PVC, WBVC, and WBCVC of an elderly population sample. 

It is further postulated that these alterations in vitamin C concentrations 
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will decrease the rate at which, caffeine is metabolized, resulting in a 

reduced metabolic clearance (MC) and a prolonged plasma half-life (.tig) . 

It is also proposed that increasing the daily dietary intake of vitamin 

C in the elderly population sample will increase the PVC, WBVC, WBCVC, 

and the rate at which caffeine is metabolized resulting in an increased 

MC and a shortened ti^. 

Caffeine was selected for this study for several reasons. First, 

it is widely used in over-the-counter analgesic preparations, is present 

in coffee, black tea, and some carbonated beverages, and is consumed on a 

daily basis by a large proportion of the population, including the elderly. 

Second, the half-life of caffeine is an accurate indicator of its rate of 

metabolism since it is well absorbed following oral administration, not 

highly bound to plasma proteins, and eliminated from the plasma pri

marily via oxidative metabolism, with less than 1% to 2% being excreted 

unchanged in the urine. Third, it is metabolized via two oxidative 

metabolic pathways: demethylation and oxidation. Although vitamin C 

has been shown to affect some demethylation processes in guinea pigs 

(Zannoni and Lynch, 1973), no interrelationships between vitamin C and 

caffeine metabolism have been investigated in laboratory animals or man. 

It is acknowledged that caffeine may be of limited clinical in

terest, but if the metabolism of caffeine is influenced by vitamin C, 

then it is possible that the metabolism of other, more clinically sig

nificant drugs including amphetamine, chlorpromazine, codeine, Coumadin, 

hexobarbital, meperidine, pentobartibal, phenylbutazone, theophylline, 

and thiopental may also be affected by vitamin C nutritional status. 



It is also acknowledged that the unique pharmacokinetics observed in the 

elderly is one of many factors contributing to the higher incidence of 

adverse drug reactions encountered in this age group. Finally, it must 

be realized that vitamin C is but one component of the nutritional re

quirements of any age group, and that nutrition is one of many factors 

contributing to the unique pharmacokinetics encountered in the elderly. 

The results of this study will demonstrate the influence 

of vitamin C on the oxidative metabolism of caffeine in an elderly pop

ulation sample. It is hoped that this information will make a signifi

cant contribution to the body of knowledge needed to clarify the complex 

interrelationships between nutrition, metabolism, and pharmacokinetics 

in the elderly. 



CHAPTER 2 

BACKGROUND LITERATURE 

While the elderly constitute a relatively small segment of the 

total population, their number is steadily increasing. According to the 

U. S. Department of Health, Education, and Welfare (Anon., 1979) this 

age group is expected to increase in size from 23 million in 1976 

(approximately 10% of the total population) to 32 million in 2000, and 

then to 45 million by 202Q (approximately 15% of the total population). 

All age segments of the elderly population are expected to grow rapidly, 

but the most aged segment will experience the most dramatic growth, such 

that by the year 2000 there will be approximately 17 million persons 

75 years and over, and about 5 million persons 85 years and over. In 

the late eighteenth century only 20% of newborns survived into old age. 

At present, 80% of newborns survive into old age (Anon., 1979). 

Adverse Drug Reactions in the Elderly 

Evidence has accumulated within the past two decades indicating 

that the probability of experiencing an adverse drug reaction increases 

with, age (Killer, 1973; Caranasos, Stewart, and Cluff, 1974). Brady 

(1978) reported that adverse drug reactions were responsible for 3% to 5% 

of the hospital admissions in the United States and that 15% to 30% of 

all patients experience one or more drug reactions during their hospi

talization. Peterson and Thomas (1975) reported that the 50 to 80 age 

5 
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group accounted for 5.4% of the patients admitted to a Miami hospital 

for an acute drug crisis. Adverse drug reactions encompass a variety 

of interactions, toxicities, and idiosyncratic effects, resulting from 

multiple causes. According to Wallace and Watanabe (1977) the high 

occurrence of adverse drug reactions in the elderly is in part attribut

able to polypharmacy, medication errors, noncompliance, nutrition, 

chronic disease states, multiple disease states, and deterioration in 

physiologic condition. 

It is generally accepted that age modifies drug response in man. 

The literature abounds with cautionary statements regarding drug therapy 

in the elderly, yet Holloway (1974) points out that there has been little 

emphasis given to the specific therapeutic problems encountered and pos

sible solutions to these problems. Despite the generally well-known 

fact that elderly patients will respond to drug therapy in a different 

manner (both qualitatively and quantitatively) than younger patients, a 

retrospective study by Lamy and Kitler (1971) demonstrated that, for all 

prescribed drugs which they reviewed, there was no general adjustment in 

dosage for the elderly patients. In a discussion of drug prescribing for 

the elderly Lamy and Vestal (1976) state that caution is the practical 

by-word. They also suggest restricting the number of drugs taken, at

tempting to reduce dosages to the lowest effective amounts, monitoring 

over-the-counter medication usage, recording a drug history, and con

sidering nutritional and other aspects of the patient's condition. 
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Pharmacokinetics in the Elderly 

In the past decade numerous authors have discussed the physio

logic changes accompanying aging and the alterations in pharmacokinetic 

characteristics encountered in the elderly (Holloway, 1974; Bender, 1974; 

Gorrod, 1974; Triggs and Nation, 1975; Crooks, O'Malley, and Stevenson, 

1976). It is generally agreed that aging is accompanied by a gradual 

decline in a variety of physiologic functions (Shock, 1970) and that the 

elderly are different from young people with respect to drug response. 

Greater sensitivity to a drug's action can be caused by alterations in 

receptor sensitivity, alterations in pharmacokinetic characteristics, or 

possibly a combination of both of these factors. The relative contri

bution of pharmacokinetics and pharmacodynamics to this difference is 

not clear (Crooks et al., 1976). 

« 

Absorption 

Generally, some impairment of both active and passive absorption 

occurs with aging (Bender, 1968). Physiologic alterations that may in

fluence drug absorption in the elderly include: a reduction in gastric 

acid output possibly affecting drug solubility, a reduction in intestinal 

blood flow, a possible reduction in the number of absorbing cells result

ing in a reduction of absorbing surface area, and a reduction of 

specialized transport mechanisms. 

Triggs et al. (1975) have shown that the rate and extent of ab

sorption of acetaminophen and sulfamethizole are similar in young and 

old subjects, although peak plasma levels were found to be higher in 
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the older subjects. Simon et al. (1972) studied the absorption of pro

picillin in young and elderly patients and reported no difference in the 

absorption rate constants in the two age groups. Higher serum levels 

and a larger area under the curve in the elderly group were attributed 

to a corresponding reduction in the volume of distribution. Ball et al. 

(1978) studied the kinetics of mecillinam and found no significant dif

ference between rates of absorption for young and old subjects. Recently, 

Kampmann et al. (1979) reported no significant difference in the extent 

of absorption of propylthiouracil, but did find a reduction in the rate 

of absorption. 

Crooks et al. (1976) concluded that the limited data available 

indicate that drug absorption is not significantly altered in the el

derly. Earlier, Hall (1975) concluded that the potential decrease or 

delay in the absorption of some drugs in the aged is of little clinical 

significance. On the basis of the limited number of studies which have 

addressed the possible influence of age on the gastrointestinal absorp

tion process it is clear that further work is needed before definitive 

assessments of this affect can be made. 

Distribution 

Alterations in the following areas may have a considerable ef

fect on drug distribution: body composition, albumin concentration, 

plasma protein binding, red cell binding, regional blood flow, connec

tive tissue, blood vessel thickness, membrane permeability and cardiac 



output. Both total body water and lean muscle mass decrease with age 

(Edelman and Leibman, 1959) and metabolically active tissue is replaced 

by fat fNovak, 1972). 

Plasma albumin concentration decreases and gamma globulin con

centration increases in old age (Greenblatt, 1979). Significant reduc

tions in binding have been reported for phenylbutazone, phenytoin, and 

warfarin, yet for phenobarbital, meperidine, benzylpenicillin, diazepam, 

desmethyldiazepam, salicylate and sulfadiazine no alterations in the ex

tent of binding were reported (Crooks et al., 1976). In addition, Chan 

et al. (1975) concluded that the higher meperidine serum concentrations 

encountered on the elderly group compared to younger controls could be 

attributed to a reduction in red blood cell binding in the older group. 

With respect to alterations in the apparent volume of distribu

tion there appears to be no consistent findings. For many drugs (i.e., 

acetaminophen, phenylbutazone, sulfamethizole, and warfarin) no signif

icant change in apparent volume of distribution has been reported, 

despite the reduction of plasma albumin in the elderly (Crooks et al., 

1976). In contrast, a significant reduction in the volume of distribu

tion with aging has been reported for antipyrine (O'Malley et al., 1971) 

diazepam (Klotz et al., 1975) and propicillin (Simon et al., 1972). 

Tissue perfusion and regional blood flow are potentially altered 

in the elderly as a result of approximately a 1% per year reduction in 

cardiac output from age 19 to 86 (Bender, 1965). Alterations in the 

renal elimination of drugs in the elderly are a well documented 
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consequence of this reduction in cardiac output. Alterations in drug 

metabolism resulting from a reduction in hepatic perfusion, though not 

well documented, may also occur. 

In summary, no consistent alterations in protein binding or 

apparent volume of distribution have been reported in the elderly. For 

drugs where binding or volume of distribution have changed with aging, 

the alterations have accounted for the unique pharmacokinetic character

istics reported. It is evident in light of the data available that no 

generalizations regarding alterations in drug distribution can be made 

and that each drug will require investigation to establish whether or 

not changes in distribution actually occur with aging. 

Metabolism 

Drug metabolism in any age group is influenced by many physio

logic and environmental factors. The following physiologic changes 

which occur with aging, can influence hepatic elimination: reduction in 

hepatic perfusion (Sherlock et al., 1956), reduction in liver cell mass 

(Calloway, Foley, and Lagerbloom, 1965) , alterations in protein binding 

(Crooks et al., 1976), alterations in distribution (Klotz et al., 1975), 

and possible impairment of enzyme activities. In addition to these phys

iologic changes, liver enzyme activity can be effected by administration 

of drugs (Rawlins, 1974), smoking (Vestal et al., 1975), nutritional 

status (Alvares et al., 1976), and environmental factors (Kolmodin, 

Azarnoff, and Sjoqvist, 1969). The importance of these factors is poor

ly understood at present, and few specific studies of drug metabolism in 
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elderly subjects have been conducted. A detailed discussion of this 

topic will be presented in a subsequent section (see Drug Metabolism in 

the Elderly, p. 12). 

Excretion 

The primary excretory route for drugs and drug metabolites is the 

kidney, with minor losses in saliva, sweat, lacrimal fluids, and breast 

milk. A second major excretory route is via the bile with subsequent 

elimination in the feces. Again, a variety of physiologic changes occur 

with aging that can have a significant effect on the pharmacokinetics of 

many drugs. Renal plasma flow, glomerular filtration rate, and tubular 

excretory capacity all decline with increasing age (Davies and Shock, 

1950) . 

Surprisingly few studies have been conducted investigating the 

effects of these physiologic alterations on renal clearance in the el

derly. Of the reported results dealing with drugs dependent upon renal 

function for elimination, the findings are consistent with the altered 

physiology in the elderly. The following drugs have been reported to 

have significantly longer half-lives or lower clearances in elderly sub

jects potentially as a result of reduced renal clearance: benzylpeni-

cillin (Moholm-Hansen, Kampmann, and Laursen, 1970), digoxin (Ewy et al., 

1969) kanamycin (Kristensen et al., 1974), mecillinam (Ball et al., 

1978), quinidine (Och et al., 1978), and sulfamethizole (Triggs et al., 

1975). 
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In summary, the available data indicate that the clearance of 

drugs primarily eliminated by renal excretion will generally be reduced 

in the elderly. The clinical significance of these findings will be a 

function of the therapeutic ratio for a given drug. It is also important 

to realize that, in addition to normal physiologic alterations, the 

renal excretion of drugs may be influenced by pathologic conditions com

monly found in the elderly including dehydration, congestive heart fail

ure, hypotension, hypertension, and urinary retention (Crooks et al., 

1976). 

Drug Metabolism in the Elderly 

Drugs, endogenous compounds, petroleum products, insecticides, 

and carcinogens are metabolized principally by the liver, and to a les

ser extent by the kidney, lung, skin, and intestine, by a two phase 

process (Williams,. 1959). Phase I reactions are generally non-conjuga-

tive, while Phase II reactions are synthetic in nature, usually involv

ing conjugation with endogenous substrates. Most drugs are either weak 

acids or bases having a high degree of lipid solubility which would 

tend to accumulate in the body if they were not converted to more 

polar products. Generally, though not always, these metabolic 

reactions result in more readily excretable compounds. It is important 

to remember that drug metabolism does not necessarily imply detoxifi

cation or inactivation. 
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Phase I and Phase II Drug Metabolism 

The liver is now recognized as the primary site for drug metab

olism. Phase I reactions include oxidations, reductions, and hydrolyses 

and are catalyzed by enzymes located mainly in the smooth endoplasmic 

reticulum of the hepatic cells, Microsomes are vesicular fragments of 

the organelle recovered following tissue homogenization and differential 

centrifugation. It has been extablished that hepatic microsomes contain 

a carbon monoxide-binding pigment of the cytochrome b type capable of a 

variety of chemical reactions (.Omura and Sato, 1964). Since this cyto

chrome exhibits the formation of a complex having an absorption maximum 

at 450 nm following reduction and exposure to carbon monoxide, it is 

commonly referred to as cytochrome P-450. It is also known as the 

mixed-function oxidase system and the monooxygenase system, since it 

catalyzes many oxidative reactions involving the reduction of molecular 

oxygen. As. a catalytic system,it is unique in that it has a surprisingly 

broad specificity in the number of substrates it is capable of accepting 

(Coon, 19 78), It is now apparent that multiple forms of cytochrome 

P-450 exist (Huang, West, and Lu, 1976). Solubilization, resolution, 

and reconstitution of the system was accomplished about ten years ago 

establishing that three fractions were required for substrate hydroxy-

lation including cytochrome P-450, reduced nicotinamide-adenine di-

nucleotide phosphate CNADPH)-cytochrome P-450 reductase, and a heat-

stable chloroform-soluble phospholipid (_Strobel et al., 1970). 

Conjugation is the final step in the metabolism of many drugs. 

Conjugations, or Phase II reactions, usually render the drug or drug 
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metabolite more polar and consequently more easily excreted by the 

kidney or liver. Phase II reactions may result in detoxification, 

inactivation, or activation (Williams and Parke, 1964). The most 

common substrates used in conjugative reactions include glucuronic 

acid, glycine, glutamine, acetic acid, methyl groups, and sulfate 

ion. 

Both phases of drug metabolism have been shown to be influenced 

by many factors. These include: species, strain, sex, age, state in 

reproductive cycle, time of day, diet, environment, pre-treatment with 

possible enzyme-inducing agents, and disease (Beckett and Cowan, 1978). 

Similar studies involving human subjects have produced widely differing 

conclusions, probably as a result of the difficulty in controlling the 

'many factors involved. Beckett and Cowan (1978) suggest that it is 

important to record such factors as age, sex, body weight, urinary pH, 

consumption of tobacco products, and consumption of alcohol or other 

drugs, when studying drug metabolism. The influence of dietary compo

nents on drug metabolism will be discussed in detail in a subsequent 

section (see Nutrition and Drug Metabolism, p. 28). 

Oxidative drug metabolism has been shown to be markedly enhanced 

by certain drugs and environmental pollutants. By a process known as 

enzyme induction the synthesis of enzymes is stimulated by these agents 

resulting in an increased elimination rate. Of the many compounds capa

ble of inducing drug metabolism, representative examples include: 

phenobarbital, phenytoin, antipyrine, doxycycline, spironolactone, and 

dicophane (Rawlins, 1974). Enzyme inhibition leading to impaired 
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elimination and enhanced drug effects has been reportedly produced by a 

variety of agents including: disulfiram, oxyphenbutazane, alcohol, 

chloramphenicol, chlorpromazine, and allopurinol (Rawlins, 1974). 

Since drug half-lives are a function of clearance and the volume 

of distribution, the use of clearance measurements to characterize 

hepatic elimination is superior to half-lives. Total body clearance 

(.TBC), a model-independent parameter, can be calculated from the intra

venous dose and the area under the plasma concentration versus time plot. 

If the amount of parent compound excreted unchanged in the urine is known, 

the renal clearance (RC) can be calculated, and the metabolic clearance 

(MC) can be determined as the difference between TBC and RC. Physio

logically, hepatic clearance can be considered to be a product of the 

hepatic blood flow (HBF) and the hepatic extraction ratio (HER), where 

HER is equal to the concentration entering the liver minus the concentra

tion leaving the liver divided by the concentration entering the liver. 

Hence, changes in hepatic clearance may be a result of changes in liver 

blood flow and/or changes in the enzymatic capacity of the microsomal 

system. For protein bound drugs, elimination is said to be restrictive 

if the hepatic extraction ratio is less than or equal to the free frac

tion of drugs and non-restrictive if the hepatic extraction ratio is 

greater than the free fraction (Xlotz and Wilkinson, 1978). 

Alterations in Drug Metabolism 

As discussed earlier (see Pharmacokinetics in the Elderly, p. 7) 

many physiologic changes occur with aging that can potentially influence 
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drug metabolism. Hepatic function is generally considered to remain 

stable throughout life, although studies with bromsulphalein retention 

have yielded conflicting results (Thompson and Williams, 1965; Koff et 

al., 1973). When discussing the literature dealing with specific ex

amples of alterations in pharmacokinetics in the elderly associated 

with changes in drug metabolism, it is important to distinguish between 

alterations resulting from actual primary changes in metabolism and those 

resulting from secondary factors such as disease state, diet, or tobacco 

consumption. Often these distinctions are difficult. The majority of 

the studies reported to date have investigated drugs undergoing oxidative 

microsomal metabolism. Considerably fewer studies have investigated 

microsomal conjugation and non-microsomal processes. 

Antipyrine has been studied extensively in the elderly. Con

sidered to be a capacity-limited, binding non-restrictive model compound 

for the characterization of liver function, antipyrine was the first 

drug reported to have altered metabolic characteristics in the elderly. 

O'Malley et al. (1971) reported a statistically significant increase in 

half-life and decrease in clearance in elderly subjects when compared to 

younger controls. Vestal et al, (.1975) confirmed these findings, yet 

indicated that multivariate analysis revealed cigarette smoking ex

plained 12% and age only 3% of the variance in the total plasma 

clearance of antipyrine. Recently, Swift et al. (1977) reported a 

significantly lower clearance in non-smoking, drug-free elderly subjects 

when compared to young subjects. These authors concluded that a de

crease in liver size and a reduction in drug metabolizing capacity per 
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unit of liver mass may contribute to the age-related reduction. Amino-

pyrine has also been shown to have a significantly longer half-life in 

the elderly (Jori, Di Salle, and Quadri, 1972). Vitamin C has been 

implicated as a possible determinant of antipyrine metabolism in the 

elderly (Smithard and Langman, 1978). A detailed discussion of this 

potential interrelationship will be presented in a subsequent section 

(see Effects of Vitamin C on Drug Metabolism, p. 34). 

The elimination of indocyanine green is blood-flow limited. 

With an hepatic extraction ratio of 0.85 its high clearance is almost 

totally dependent upon liver blood flow and non-restrictive, even 

though it is extensively protein bound (Vestal et al., 1978). Wood 

et al. (1979) demonstrated a decreased plasma clearance of indocyanine 

green with age consistent with reduced cardiac output and diminished 

liver blood flow in the elderly. 

Propranolol elimination is both flow and capacity limited, and 

although bound to plasma protein, is relatively binding non-restrictive. 

In a study of propranolol metabolism, Wood et al. (1978) reported that 

apparent liver blood flow decreased with age regardless of tobacco use, 

but that intrinsic clearance (following oral administration) decreased 

with age only in cigarette smokers. They concluded that age per se 

has little effect on intrinsic hepatic drug metabolizing enzyme activity, 

but that cigarette smoking in the young is associated with enhanced 

hepatic clearance. Nation, Triggs, and Selig (1977) studied lidocaine 

disposition and reported no change in clearance, although elderly sub

jects had a significantly longer half-life than younger subjects. The 
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alteration in half-life with aging was attributed to a significant in

crease in the apparent volume of distribution. The authors also 

reported a significant reduction in the 24 hour urinary recovery of the 

major metabolite, 4-hydroxyxylidine, in the elderly. 

The elimination of phenylbutazone in the elderly has been studied 

by two groups (O'Malley et al., 1971; Triggs et al., 1975). While Triggs 

et al. (1975) did not report a change in half-life, O'Malley et al. (1971) 

did report a statistically significant increase in phenylbutazone half-

life in the elderly. Warfarin, another highly protein-bound drug, 

exhibited no change in plasma half-life or clearance with age (Hedwick 

et al., 1975). Phenytoin clearance was studied by Hayes, Langman, and 

Short (1975) following the administration of single oral and intravenous 

doses. They reported a 60% increase in clearance in an elderly group of 

subjects, which correlated inversely with both plasma albumin and the 

extent of phenytoin binding. 

In an interesting study of diazepam elimination, Klotz et al. 

(19 75) reported a striking age-dependence in the terminal plasma half-

life, but virtually no age-dependence for plasma clearance. They also 

found that cigarette smoking did not affect the half-life or clearance, 

and that neither plasma protein binding, nor the blood/plasma concen

tration ratio of diazepam showed any age-related changes. Following 

intravenous administration, diazepam kinetics were characterized by a 

two-compartment open model. The initial distribution space and the 

volume of distribution at steady state increased linearly with age. 

They concluded that the prolongation in diazepam half-life with age is 
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primarily dependent on an increase in the initial distribution volume 

of the drug. The authors also reported that the time course of dis-

methyldiazepam, a metabolite of diazepam, was affected by age with a 

later peak time and a lower peak concentration observed in the elderly. 

Irvine et al. (.1974) reported that the plasma levels of amylo-

barbitone 24 hours after administration of a single dose were higher in 

an elderly group than in a younger group of subjects. Since the urinary 

excretion of 3-hydroxyamylobarbitone at 24 and 48 hours was lower in the 

elderly group, the authors concluded that the rate of hydroxylation de

creased with age. Reynolds, Wilson, and Burnett (1978) studied the 

urinary excretion of six metabolites of methaqualone in elderly patients 

and healthy young control subjects, and reported that the total amount 

of metabolites excreted by the elderly group was approximately one-half 

that of the younger group. Nielsen-Kudsk, Magnussen, and Jakobsen (1978) 

»have reported a prolonged half-life and a decreased clearance of 

theophylline in elderly subjects by comparison with literature data 

for a younger control group. 

In contrast to the findings of altered pharmacokinetics in drugs 

undergoing Phase I metabolic conversions, the influence of aging on 

Phase II reactions has been studied for relatively few drugs. Aceta

minophen elimination has been studied by two groups of investigators 

(.Triggs et al., 1975; Briant et al., 1975). The plasma half-life was 

found to be significantly longer in the elderly by both groups. Triggs 

et al. (.1975) also reported that the plasma clearance, while unchanged 

in the elderly, correlated with creatinine clearance. The authors 
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suggested that some reduced ability to form conjugates may be present in 

the elderly, sir i the percent dose excreted in the urine in 24 hours as 

a conjugate was more variable and in some cases was much smaller in the 

elderly group. Triggs et al. (1975) also studied sulfamethizole and 

observed that the fraction of the dose excreted as an acetylated conju

gate was similar in young and old subjects. They concluded that this 

was not a factor in the longer half-life for this compound in the 

elderly, which is consistent with the fact that sulfamethizole is 

eliminated primarily unchanged by the kidneys. Traeger et al. (1973) 

demonstrated that the mean plasma half-life of indomethacin was similar 

in old and young subjects, but that the elderly excreted a significantly 

lower fraction of unchanged parent compound. The authors also reported 

that the glucuronide conjugation of indomethacin was unchanged and 

suggested that biliary excretion of the drug might be increased in the 

elderly. Isoniazid, a drug metabolized by acetylation, was studied by 

Farah et al. (1977), who found that its plasma half-life was similar in 

both young and old subjects. 

In summary, a consistent, but not universal finding, is an in

crease in plasma half-life of drugs with increasing age (Crooks, 

O'Malley, and Stevenson, 1976). For drugs that are bound to a signifi

cant degree of plasma proteins (,e.g., phenytoin, phenylbutazone, and 

warfarin) reductions in binding with aging and alterations in volume 

of distribution are the predominant pharmacokinetic alterations re

ported and are largely responsible for the unchanged values for half-

life and clearance seen in the elderly. In the case of phenytoin, the 
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reduction in binding may even account for the increased clearance reported 

in the elderly. For many drugs (e.g., diazepam and lidocaine) the pro

longation of half-life with aging is a function of an increased volume 

of distribution. For drugs with a low hepatic extraction ratio (e.g., 

antipyrine and aminopyrine) an increase in half-life and reduction in 

clearance may actually be due to a decrease in hepatic microsomal ac

tivity with aging. For drugs with an intermediate hepatic extraction 

ratio (e.g., propranolol) alterations in liver blood flow and hepatic 

enzymatic activity may be a partial explanation for elevated plasma 

levels in the elderly after oral administration when compared to younger 

subjects. For drugs with an extremely high hepatic extraction ratio 
* 

(e.g., indocyanine green) the prolongation in half-life and reduction 

in clearance encountered in the elderly can be attributed to a reduction 

in hepatic blood flow. Drugs eliminated primarily by conjugation (e.g., 

acetaminophen and indomethacin) do not appear to be affected by age. It 

is important to closely control such variables as sex, disease, nutri

tional status, cigarette smoking and other environmental factors in 

studies dealing with the influence of age on drug metabolism. It is 

evident that generalizations about the interrelationship of aging and 

drug metabolism are difficult to make and that each drug must be eval

uated individually. 

Nutritional Status in the Elderly 

The effects of nutrition on the aging process are of 

great public and medical interest. Physiologic changes that occur with 

aging such as bone loss, reduction in lean body mass, and decreased 
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gastric hydrochloric acid secretion suggest that nutrient requirements 

may change with increasing age (Winick, 1977). Animal studies have shown 

that jid libitum feeding throughout life does not promote maximal sur

vival and that food restriction increases mean life span (Young, 1979). 

Other studies have shown that nutritional factors may play important 

roles in the aging process of the central nervous system and the immune 

system (Lytle and Altar, 1979; Weindruch et al., 1979). While the spe

cific nutrient requirements of the elderly are not well understood, it 

is certain that changes in lifestyle, socioeconomic status, physiologic 

condition, and general health with advancing age alter nutrient intake 

in the elderly (Todhunter and Darby,. 1978) . 

Many characteristics of the elderly may have a profound effect 

on their nutrition. The disabilities and restricted activity resulting 

from accidents and chronic diseases may impair food choice and intake. 

Substantial losses of calcium and nitrogen may occur within a few days 

of immobilization or confinement to bed. Sodium-restricted diets can 

decrease appetite for usual and desirable foods. Cardiac failure de

creases appetite and increases basal metabolic rate. Drugs utilized in 

the treatment of chronic illnesses of later life may also influence nu

trient requirements in a variety of ways. The loss or reduction in the 

sense of smell and taste is a frequent and unfortunate concomitant of 

old age. Edentulousness is a common characteristic of the elderly, and 

the enjoyment of food may be greatly diminished by the lack of dentures 

or by those which do not fit properly. Atrophy of the gastric and 

intestinal mucosa as well as achlorhydria decrease the quantity of 
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intestinal mucous secreted and reduce the rates of absorption of many 

essential nutrients. Intestinal motility is reduced and constipation is 

frequently encountered. A variety of changes in hormonal function with 

aging have been identified which cause alterations in the requirements 

for, and the utilization of, nutrients. In addition, a good diet is 

relatively expensive, and about one-third of the elderly are living on 

low fixed incomes (Shank, 1976; Whanger, 1973). 

Nutrient Deficiencies 

Numerous dietary surveys and biochemical investigations of 

elderly subjects have demonstrated inadequate intake and/or low blood 

levels of vitamin A (Kaplan, Landes, and Pincus, 1955; Chope and Breslow, 

1956; Todhunter, 1976), vitamin Bj (Anon., 1972a; Todhunter, 1976; 

Polliott and Salkeld, 1977), vitamin B2 (Todhunter, 1976; Harrill and 

Cervone, 1977; Brin et al., 1965), vitamin Bg (Hamfelt, 1964; Pollitt 

and Salkeld, 1977), vitamin B12 (Shulman, 1967; Elsborg, Lund, and 

Bastrup-Madsen, 1976), vitamin C (Kaplan et al., 1955; Chope and 

Breslow, 1956; Anon., 1972b), vitamin D (Exton-Smith, 1968), vitamin E 

(Morgan et al., 1975), niacin (Chope and Breslow, 1956; Morgan et al., 

1975), and folic acid (Hurdle and Picton Williams, 1966; Meindok and 

Dvorsky, 19 70). 

The Ten State Nutrition Survey (Anon., 1972a) undertaken by the 

Center for Disease Control between 1968 and 1970 concluded that the most 

prevalent nutritional deficiencies included iron in both sexes, vitamin 

A in Spanish-American men and women, riboflavin in black and Spanish-

Americans of both sexes, and vitamin C in males of all racial origins. 
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Similar studies (Abraham, Lowenstein, and Johnson, 1974; Abraham, 

Lowenstein, and O'Connell, 1975) in people over 60 years of age indica

ted that the most frequent dietary deficiencies involved iron, vitamin 

A, vitamin C, and calcium. An independent study by Todhunter (1976) 

concluded that one-fifth of the population surveyed (i.e., elderly 

blacks and whites of both sexes) had less than one-third the United 

States recommended daily allowance (USRDA) of vitamin C, one-third the 

USRDA of riboflavin, and one-fourth the USRDA of vitamin A. The study 

utilized information generated from interviews of elderly blacks and 

whites of both sexes. 

A double-blind therapeutic trial, attempting to assess the ef

fect of vitamin supplements, established that the classical signs of 

malnutrition were common among elderly patients in British hospitals 

(Taylor, 1968). Reports from various institutions indicate that a con

siderable number of elderly patients have low plasma vitamin levels 

(Whanger, 19735 Leevy et al., 1965; Brin et al., 1965). Leevy et al. 

(1965) determined the plasma levels of 11 vitamins in a random group of 

patients in a municipal hospital and found a low level of one or more 

vitamins in 88% and low levels of at least five vitamins in 10%. Objec

tive clinical evidence of vitamin deficiency was present in only 38% 

of the patients with low plasma vitamin levels. Four surveys of vitamin 

C levels in elderly people conducted in the 1960's demonstrated that a 

majority of the hospitalized elderly people sampled had very low blood 

levels of vitamin C (Bowers and Kubik, 1965; Katarin and Rao, 1965; 

Griffiths et al., 1967; Brocklehurst, 1968). 
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Evaluation of General Nutritional Status 

A variety of techniques are available for the evaluation of 

nutritional status in man. No single method of assessment is completely 

satisfactory. The techniques which have been used to date include clini

cal observations, biochemical analyses, physical or anthropometric 

measurements, and dietary evaluations. Clinical observations are the 

least sensitive and are most useful in nutritional surveys of population 

groups because they involve an assessment of the health of those parts 

of the body that can be readily observed in a routine physical examina

tion and do not require that blood, urine, or tissue samples be collected. 

Biochemical evaluation of nutritional status involves quantitative meas

urement of nutrients or related metabolites in blood and urine. Low 

blood levels of a nutrient may reflect a low dietary intake, impaired 

absorption, increased utilization, or enhanced excretion. The value of 

measuring blood levels in assessing nutritional status depends upon the 

use, storage, and excretion of the nutrient (.Guthrie, 1975) . 

Anthropometric data are of limited value in determining nutri

tional status in the elderly, primarily because of the difficulty in 

standardizing the techniques by which measurements are made. The fol

lowing measurements are commonly used: height; weight; knee height; 

knee, wrist, and shoulder diameter; calf, upper arm, shoulder, and head 

circumferences; and upper arm and subscapular skinfolds (Guthrie, 1975). 

In a recent study of nutritional status and anthropometric findings in 

men and women aged 63-96, relative weight, weight/height ratio, and body 

mass index were positively correlated with upper arm and the subscapular 
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skinfold thicknesses, yet none of the anthropometric or clinical findings 

were associated with their current level of dietary calories (Yearick, 

1978) . 

Dietary evaluations are useful in conjunction with biochemical 

and clinical findings for confirming a diagnosis and for providing a 

basis on which to initiate dietary treatment. Such evaluations are 

classified as either direct or indirect. Indirect methods (e.g., demo

graphic evaluations) involve the measurement of population parameters 

and include a food balance sheet, food utilization data, and vital 

statistics. Direct methods involve an evaluation of the dietary intake 

of a much smaller unit (e.g., a family or individual) and include food 

inventories and food intake records. Examples of food intake records 

include a 24-hour recall, a 3-day food record, a dietary history, and 

a weighted food record. A comprehensive evaluation of clinical, bio

chemical, and anthropometric findings in conjunction with a dietary 

history, a 24-hour recall, and a 3-day food record provide a very ef

fective basis for evaluating nutritional status in man (Guthrie, 1975). 

Determination of Vitamin C Nutritional Status 

Vitamin C deficiency can be determined by a variety of clinical 

observations, laboratory tests, and dietary evaluations. The plasma 

contains the lowest concentration of vitamin C of any tissue in the 

body. Leukocytes contain the second highest level of vitamin C with the 

adrenals containing the highest on a mg kg 1 basis. Three types of tests 

have been used to evaluate the level of tissue saturation for vitamin C. 



These are as follows: measurement of plasma levels with or without a 

test dose, measurement of the renal excretion rate with or without a 

test dose, and measurement of tissue (e.gleukocyte) levels. With 

each of these three tests problems can be encountered in interpreta

tion. 

The determination of plasma or serum vitamin C levels generally 

reflects the body's most recent intake of the vitamin, and has been the 

method of choice for the determination of vitamin C status (Pearson, 

1962). Normal plasma levels range from 0.5 to 1.5 mg % (Bowers and 

Kubick, 1965). A well-nourished human subject placed on a diet devoid 

of vitamin C will show a fall in plasma levels from 0.5 mg % to al

most zero in about six weeks. Up to ten more weeks of deprivation are 

required for the signs of scurvy to appear. While it is true that all 

patients with scurvy will have very low plasma levels, it is not true 

that all subjects with low plasma levels will exhibit clinical signs 

of deficiency. The determination of plasma levels after a loading 

dose reflects the proportion of the dose that has distributed into tis

sue storage sites. This is extremely difficult to quantitate, since 

the plasma level of the vitamin could rise above the renal threshold 

(1.5 mg %) and loss could occur in the urine (Marks, 1975). 

While the determination of the 24 hour urinary excretion of 

vitamin C correlated reasonably well with dietary intake, it is not 

always a true reflection of tissue saturation. If tissues are near 

saturation, then the major portion of a loading dose will be excreted. 

Conversely, if tissue stores are low, then a much smaller proportion 
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of the loading dose will be excreted. The same problems exist with this 

method as with the measurement of plasma levels with or without a test 

dose, in that it is difficult to make this determination quantitative. 

There is also the additional problem of collecting urine for 24 hours. 

Shorter collection times can be correlated with creatinine excretion, 

but this technique gives the least valid and useful information (Marks, 

1975). 

Measurement of individual tissue levels is the only method of 

the three that gives a true representation of vitamin C saturation of 

that tissue. Two methods have been developed for the determination of 

tissue ascorbate levels. The first involves the determination of the 

vitamin level in the buffy coat (.i.e., leukocytes and platelets) of the 

blood. This measurement has been shown to be a sensitive indicator of 

the first signs of scurvy, and is the recommended technique for vitamin 

C determination, if a patient is suspected to have scurvy. The leuko

cyte level will drop to zero when tissue saturation is about 20% of 

normal, which will occur only at the time that other symptoms of scurvy 

are about to appear (Guthrie, 1975). The second method involves an 

intradermal test using dichlorjphenolindophenol. The method depends 

upon the presence of reducing substances in the skin and is therefore 

non-specific and less reliable (Marks, 1975). 

Nutrition and Drug Metabolism 

There is substantial evidence in the literature that dietary 

composition is an important determinant of the pharmacokinetic 
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characteristics of many drugs. The majority of these studies have been 

conducted in animals, and relatively few clinical trials have been con

ducted. Although the significance of nutritional-pharmacokinetic 

interactions is not fully understood, many of the interactions involve 

the drug metabolizing enzyme system. 

Starvation 

Several investigators have studied the effects of acute starva

tion on drug metabolism. Starvation for 36 hours has been shown to 

depress hepatic drug metabolism in male mice both iji vitro and in vivo 

(Dixon, Shultice, and Fouts, 1960). The influence of starvation on 

metabolism was shown to be dependent upon the sex of the animal, and 

the metabolism of certain barbiturates was found to be enhanced in 

female rats starved for 72 hours (Kato, 1967). The effect of starva

tion appears to be dependent, upon the particular enzyme. Miettinen and 

Leskinen (1963) demonstarted that the activity of uridine diphosphate 

glucose dehydrogenase (UDPGH) is significantly lower in the livers of 

rats starved for 72 hours, yet the activity of 3-glucuronidase is in

creased. Recently, Homeida, Karrar, and Roberts (1979) reported that 

the clearance of antipyrine increased following three to four weeks 

of good nutrition when compared to the control value in malnourished 

Sudanese children. 

Proteins 

A dietary constituent that has been studied extensively is 

protein. A dietary reduction in either the quantity or quality of 



protein causes a depression of drug metabolism (Campbell and Hayes, 

1974). Protein deficiency has been reported to decrease the metabolic 

rates in vitro for many drugs including phenobarbital, strychnine, 

aminopyrine, zoxazolamine and aniline (Kato, Oshima, and Tomizawa, 

1968), benzo(a)pyrene and pyramidon (McLean and McLean, 1966), and 

ethylmorphine (Mgbodile and Campbell, 1972). Protein deficiency has 

been shown to cause a 50% to 70% reduction in cytochrome P-450 

content and flavoprotein reductase activity, both of which correlate 

"with similar decreases in ethylmorphine demethylase and aniline hydroxy' 

lase activities (Campbell and Hayes, 1974). In addition, protein 

deficiency has been shown to impair the inducibility of the cytochrome 

P-450 system (Hayes and Campbell, 1974). 

Several studies have been conducted in humans. Alvares et al. 

(1976) investigated the influence of dietary protein and carbohydrate 

intake on antipyrine and theophylline elimination in normal volunteers. 

The plasma half-lives observed for both drugs were significantly short

er following a period of high protein-low carbohydrate intake than 

those observed following a period of low protein-high carbohydrate 

intake. In addition, feeding a charcoal-broiled beef-containing diet 

to human volunteers for four days was found to decrease the plasma half-

life of antipyrine significantly CConney et al., 1977). This same inter

action has been reported for theophylline (Kappas et al., 1978). In 

both reports no change in the apparent volume of distribution was 

noted, and it was postulated that the presence of benzo(a)pyrene in 

the charcoal-broiled beef-containing diet was responsible for the al

tered kinetics. 
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Carbohydrates 

Although alterations in the drug metabolizing system with vari

ations in carbohydrate intake have been reported, a specific biochemical 

role for carbohydrates in drug metabolism has not been demonstrated 

(Campbell and Hayes, 1974). Generalized effects on intermediary metab

olism, caloric intake, and hormonal relationships may be responsible for 

the interactions reported. High intake of glucose has been shown to in

crease the duration of sleep induced by barbiturates in mice (Strother, 

Throckmorton, and Herzer, 1971) . The toxicity of benzylpenicillin in 

rats has been reported to be potentiated by high sucrose diets (Boyd, 

Dobos, and Taylor, 1970). Dickerson, Basu, and Parke (1971) have 

demonstrated that rats fed sucrose had lower levels of cytochrome P-450 

activity. 

Alvares et al. (1976) have shown that a high carbohydrate-low 

protein diet resulted in significantly longer half-lives for anti-

pyrine and theophylline in man when compared to a low carbohydrate-

high protein or a normal control diet. An interesting interaction has 

been reported between brussels sprouts and cabbage on human drug me

tabolism (Pantuck et al., 19 79). The half-life of antipyrine decreased 

and the clearance of antipyrine increased following a period of dietary 

intake with the two vegetables, presumably as a result of the high 

indole content of cabbage, brussels sprouts, and cauliflower. 

Lipids 

The endoplasmic reticulum is composed of 30% to 50% lipid on a 

dry weight basis (Siekevitz, 1963). Norred and Wade (1972) have shown 
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that feeding a fat—free diet to rats for as little as three weeks de

presses the metabolism of various drugs. Induction of microsomal drug 

hydroxylating enzymes and cytochrome P-450 by phenobarbital has been 

reported to be enhanced in rats whose diets are supplemented with poly

unsaturated fatty acids (Marshall and McLean, 1971). Unsaturated fatty 

acids have a profound effect on the phospholipid content of microsomal 

membranes (Norred and Wade, 1972), and phospholipids have been shown to 

be important in maintaining an active form of cytochrome P-450 (Strobel 

et al., 1970). Rowe and Wills (1976) reported that polyunsaturated 

fatty acids, primarily linoleic acid, are essential in the diet in order 

for the content of cytochrome P-450 and the rate of oxidative demethyla-

tion to be at a maximum in the endoplasmic reticulum. Wade and Norred 

(1976) demonstrated that male rats fed a diet containing 3% corn oil for 

three weeks metabolized hexobarbital, aniline, and heptachlor signifi

cantly faster than those fed fat-free diets, and that qualitative changes 

in microsomal drug-metabolizing enzymes may occur in rats ingesting diets 

containing 10% corn oil. Recently, Hammer and Wills (1979) have shown 

that the inductive effects of phenobarbital on oxidative demethylation 

were partially dependent on changes in the fatty acid composition of 

the endoplasmic reticulum, and that oxidative demethylation is regulated 

by changes in the fatty acid composition of the membranes. 

Minerals 

Deficiencies in dietary calcium, magnesium, iron, iodine, zinc, 

selenium, and copper affect the microsomal drug metabolizing system to 
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varying degrees (Campbell and Hayes, 1974). Dingell, Joiner, and 

Hurwitz (1966) maintained weanling rats for over 40 days on a calcium-

free diet and found that the metabolism of hexobarbital, aminopyrine, 

and p-nitrobenzoic acid was reduced by 30% to 50%. Becking and Morrison 

(1970a) demonstrated that magnesium deficiency caused a depression in 

enzyme activity after 11 to 14 days. 

Zinc deficiencies have been found to cause alterations of cer

tain microsomal enzyme activities afiiar prolonged periods of restriction 

of 45 to 58 days (Becking and Morrison, 1970b). In a systematic 

study on the optimal levels of dietary copper,Moffitt and Murphy (1973) 

showed that both excesses and deficiencies of copper resulted in dimin

ished enzyme activities. 

Vitamins 

As with mineral deficiencies, the effect of vitamin deficiencies 

on drug metabolism are not as striking as those observed with protein 

deficiency, although activities are affected at least to some degree if 

the deficiency is severe enough (Campbell and Hayes, 1974). In study

ing the effects of vitamin A deficiency on drug metabolism, Becking 

(1973) found that although hepatic N-hydroxylase and N-demethylase ac

tivities were reduced in rats fed diets without vitamin A for 20 to 25 

days, nitroreductase activity remained unchanged. Wade et al. (1969) 

reported that thiamine deficiency depresses the metabolism of hexo

barbital, but enhances the metabolism of heptachlor and aniline. In a 

later study (Grosse and Wade, 1971) they reported reduced metabolism of 
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zoxazolamine with high thiamine diets that corresponded to reduced 

levels of cytochrome P-450 and cytochrome b5. The influence of ribo-^ 

flavin on the microsomal drug metabolizing system also appears to be 

dependent upon the type of metabolic reaction involved. Catz, Juchau, 

and Yaffee (1970) demonstrated that riboflavin deficiency, resulting 

in reduced hepatic flavin content, produced an increase in oxidative 

reactions, a decrease in reductive processes, and no change in conjuga-

tive reactions. Dietary deficiency of vitamin E reduced rat liver 

microsomal drug metabolism, and the administration of vitamin E 

increased the hydroxylation and demethylation of various drugs 

(Carpenter, 1972). The role of vitamin C in the drug metabolizing 

system will be discussed in detail in the following section. 

Effects of Vitamin C on Drug Metabolism 

In addition to its many other physiologic functions, vitamin C 

has been shown to be important in the metabolism of drugs and other 

foreign compounds (Sato and Zannoni, 1976). Since guinea pigs cannot 

synthesize vitamin C, they have been used extensively for studying the 

influence of vitamin C on drug metabolism. Comparatively few studies 

have been conducted in humans. 

Animal Studies 

Richards, Kueter, and Klatt (.1941) demonstrated that vitamin 

C-deficient guinea pigs were more sensitive to the hypnotic effects of 



pentobarbital than non-deficient animals. Beyer, Stutzman, and Hafford 

(1944) reported that vitamin C deficiency caused guinea pigs to be 

anesthetized more rapidly and to be depressed more profoundly by a 

given dose of ether, chloroform, or vinethene. Axelrod, Udenfriend, 

and Brodie (1954) demonstrated that a nutritional deficiency of vitamin 

C could influence the metabolism of drugs. Specifically, deficiency 

was shown to prolong the plasma half-life of acetanilide, antipyrine, 

and aniline in guinea pigs. 

Degkwitz et al. (1968) reported that scorbutic guinea pigs have 

a marked reduction in their ability to hydroxylate coumarin. Kato, 

Takanaka, and Oshima (.1969) investigated the effects of vitamin C de

ficiency on the activities of drug-metabolizing enzymes and electron-

transport systems in guinea pig liver microsomes. These investigators 

found that the hydroxylation of aniline, hexobarbital, and zoxazolamine 

was markedly decreased during vitamin C deficiency, but that the N-

demethylation of aminopyrine, diphenhydramine, meperidine, and N-methyl-

aniline was not significantly affected. Moreover, they found that the 

O-demethylation of p-nitroanisole and the reduction of p-nitrobenzoic 

acid and p-dimethylaminobenzene were not significantly affected. From 

these studies they concluded that the effect of vitamin C deficiency 

on the microsomal drug-metabolizing, enzymes is probably specific and 

that only the hydroxylation reaction is affected significantly. In 

addition, these authors found no significant decrease in the content of 

cytochrome P-450, or bs, two components of the oxidative drug metabo

lizing systems. 



In contrast to these findings, Leber, Degkwitz, and Staudinger 

(1969) demonstrated that the demethylation of aminopyrine, as well as 

the hydroxylation of acetanilide, were significantly decreased in scor

butic guinea pigs and that the quantity of cytochrome P-450 was also 

decreased. The work of Chadwick, Cranmer, and Peoples (1971) demon

strated that vitamin C deficiency in the squirrel monkey may signif

icantly impair both the induction of O-demethylase and the stimulation 

of the glucuronic acid system by 1,1,l-trichloro-2,2-bis(p-chlorophenyl) 

ethane(DDT). Zannoni, Flynn, and Lynch (19 72) demonstrated that neither 

overall drug oxidation nor levels of microsomal electron transport com

ponents were decreased significantly in guinea pigs maintained on a 

vit•min C-deficient diet for ten days, at which time the concentration 

of liver microsomal vitamin C was 50% of normal. Conversely, if 

guinea pigs were maintained on a vitamin C-deficient diet for 21 days 

such that the concentration of liver microsomal concentrations fell to 

approximately 30% of normal, there was a marked decrease in overall 

drug oxidation activities as well as in the level of individual micro

somal electron transport components. The observed decreases in cyto

chrome P-450 and NADPH cytochrome P-450 reductase activity were shown 

to be 40%and 85% of normal, respectively. Zannoni and co-workers sug

gested that the apparent discrepancy with the data reported earlier 

(see Kato et al., 1969) could be attributed to the fact that the ani

mals employed by Kato were larger on the average and were placed on a 

vitamin C-deficient diet for only 12 days. In addition, the studies of 

Zannoni et al. (1972) indicated that the effects observed in vitamin C 
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deficiency were not due to decreased caloric intake, and that it took 

from six to ten days of vitamin C administration to restore most of the 

drug metabolizing activity. 

The work of Degkwitz et al. (1972) and Luft et al. (1972) also 

demonstrated a reduction in the concentrations of cytochromes P-450 and 

bs in liver microsomes within 24 to 48 hours after withdrawal of the 

vitamin C supply, with about 40% of the starting value remaining during 

prolonged vitamin C deficiency. In addition, Luft et al. (1972) demon

strated that the amounts of both cytochromes in vitamin C-deficient 

animals could be raised to normal values within 48 hours by administer

ing ^-aminolevulinic acid, a precursor of heme synthesis, illustrating 

that the biosynthesis of the cytochromes is limited by the biosynthesis 

of heme. 

Numerous investigators have endeavored to determine the under

lying biochemical basis for the decreased drug metabolism accompanying 

vitamin C deficiency. In 1972, Wade, Wu, and Smith concluded that an 

observed reduction in the rate of aniline hydroxylation in liver micro

somes from guinea pigs fed vitamin C-deficient diets for 18 days was 

due to a decrease in the concentration of microsomal protein and cyto

chrome P-450. In this study the kinetics of the reactions were also 

studied and it was reported that, since the apparent Michaelis-Menten 

constant (Km) for aniline hydroxylation was not changed, qualitative 

changes in the cytochrome P-450 system were not probable. Although, 

the kinetic constant, (K ) and the maximum velocity (V ) show no al-
m max 

terations, several authors (Zannoni et al., 1972; Gundermann, Degkwitz, 
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and Staudinger, 1973) have shown clearly that the binding spectra for 

microsomes isolated from vitamin C-deficient animals are atypical, in

dicating that qualitative, as well as quantitative, changes in the 

cytochrome P-450 system may accompany the vitamin deficiency. 

Degkwitz and Kim (1973) studied the influence of vitamin C, D-

arabinoascorbate, and 5-oxo-D-gluconate on the amount of cytochromes 

P-450 and b5 in liver microsomes of guinea pigs and found that vitamin 

C affects the concentrations of cytochromes P-450 and b5 equally. The 

highest concentrations were found in animals receiving a physiologi

cally optimal supply of the vitamin. Both 5-oxo-D-gluconate and 

D-arabinoascorbate yielded the same result, which is interesting since 

5-oxo-D-gluconate does not function as an oxidation-reduction agent 

like vitamin C. No explanation was offered for this, but it was 

strongly suggested that effects of the vitamin, other than oxidation-

reduction, be considered as possible alternatives for its biochemical 

role in drug metabolism. 

Reversal of decreased drug metabolizing activity in vitamin C-

deficient guinea pigs by oral administration of vitamin C requires six 

to ten days, even though the quantity of liver vitamin C is restored to 

normal levels within three days (Zannoni and Lynch, 1973). Aniline 

hydroxylase, aminopyrine N-demethylase, and p-nitroanisole O-demethyl-

ase activities and microsomal electron components all return to normal 

levels within six to ten days. In addition, the atypical binding spectrum 

returns to normal within six to ten days after vitamin C administration. 

The time required for reversal is thought to be due to the time needed 
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for resynthesis of liyer microsomal protein in the vitamin C-deficient 

animal. Various investigators (Degkwitz et al., 1968; Kato et al., 

1969; and Zannoni et al., 1972), using phenobarbital and 3-methylchol-

anthrene, have shown that the protein synthesizing mechanism in vitamin 

C-deficient guinea pigs is operable and not jeopardized by the depletion 

of vitamin C, indicating that there is no apparent defect in the de novo 

synthesis of essential microsomal hemoprotein. Liver microsomal cyto

chrome P-450, NADPH'-cytochrome P-450 reductase, aminopyrine N-demethyl-

ase, p-nitroanisole O-demethylase, and aniline hydroxylase are all 

inducible in vitamin C-deficient guinea pigs with the degree of induc

tion equal to and in some cases greater than that of normal guinea pigs. 

Sato and Zannoni (1974) studied the metabolic activities of 0-

demethylase, N-demethylase, and liver microsomal electron transport 

components, including cytochrome P-450 and NADPH-cytochrome P-450 re

ductase, in weanling guinea pigs with vitamin C deficiency and in those 

with normal and high intake of the vitamin. Animals depleted of the 

vitamin for only eight days, with no signs of scurvy or weight loss, had 

decreased drug metabolizing enzyme activities. Further depletion of 

the vitamin resulted in a marked reduction of the microsomal drug-

metabolizing system. The administration of vitamin C in doses from 2 to 

2000 mg per day led to significant increases in liver drug oxidation 

activities and electron transport components. NADPH-cytochrome P-450 

reductase, N-demethylase and O-demethylase activities increased to as 

much, as 200% of normal. Studies of K values in microsomes from 
m 

vitamin C-deficient animals showed no difference in the apparent 



affinity or V for a typical drug oxidation reaction, N-demethylation. 
nicix 

They also noted that liver concentrations of vitamin C giving maximal 

drug enzyme activity in the guinea pig were attained only when large 

supplements of the vitamin were given (about 50 times higher than the 

recommended daily requirement for guinea pigs). The authors suggested 

that the recommended amount of the vitamin (75 mg per day for children) 

may be inadequate for optimum activity of the microsomal drug enzymes. 

Extrapolation of these animal data to humans may or may not be valid, 

and indicates the need for clinical studies in this area. 

In 1976, Sato and Zannoni published the results of a series of 

experiments designed specifically to deal with the biochemical basis 

for the participation of vitamin C in hepatic microsomal drug metabolism. 

Kinetic studies with 0-demethylase indicated no significant change in 

the apparent of p-nitroanisole in normal or vitamin C-deficient 

animals, or in animals given large supplements of the vitamin. The 

decrease in drug metabolizing activity caused by vitamin C deficiency 

was not due to increased lipid peroxidation; nor was phosphatidylcholine 

significantly altered, quantitatively or qualitatively, in microsomes 

from deficient animals. Microsomal cytochrome P-450 prepared from de

ficient livers was found to be less stable to sonification, dialysis, 

and treatment with metal chelators. The decrease in cytochrome P-450 

and 0-demethylase activity associated with dialysis was prevented by 

the addition of vitamin C. The molar ratio of microsomal vitamin C to 

cytochrome P-450 plus P-420 (an inactive form of cytochrome P-450) was 

reported to be on the order of 2:1, with this ratio being maintained 



4! 

during the vitamin deficiency in liver and adrenal tissue, during di

alysis, on storage, and with a partial purification of the cytochrome. 

This suggested a close association between vitamin C and the cytochrome. 

In addition, vitamin C was found to protect cytochrome P-450 and aniline 

hydroxylase activity from inhibition by ferrous iron chelators such as 

a,a-dipyridyl. The authors suggested that there is an interaction be

tween vitamin C and cytochrome P-450 involving the reduced form of the 

heme iron. 

It is well known that the cytochrome P-450 system for drug me

tabolism is present in other organs in addition to the liver, namely 

the lungs, kidney, and skin. The effects of vitamin C depletion and 

repletion on pulmonary, renal, and hepatic drug metabolism in the guinea 

pig have recently been studied by Sikic et al. (1977). The effects 

appeared most marked in those organs with the highest specific activity, 

usually liver, with renal and pulmonary enzymes showing less sensitivity. 

Twenty-one days of vitamin C depletion produced a 50% to 60% decrease in 

hepatic cytochrome P-450 levels, a 20% to 30% decrease in renal levels, 

but no significant changes in pulmonary cytochrome P-450 content. Upon 

replenishment with vitamin C, recovery to control levels occurred within 

seven days. The decreases in hepatic cytochrome P-450 in scurvy were 

not accompanied by a corresponding increase in cytochrome P-420, indi

cating that increased degradation of cytochrome P-450 to P-420, as with 

lipid peroxidation, probably does not occur. The authors suggested 

that the reducing properties of vitamin C and its involvement in iron 

-metabolism indicate a possible role for vitamin C in the incorporation 
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of the ferrous iron into the heme moiety of cytochrome P-45Q, perhaps 

at the ferrochelatase step. Aminopyrine N-demethylation decreased by 

40% in the livers of deficient animals and recovered within three days, but 

there were no corresponding changes in the lungs and kidneys. No sig

nificant alterations of NADPH-cytochrome reductase in scorbutic animals 

were noted in any of the three organs. The effects of scurvy on 

transferase or conjugation-type reactions were also studied. The find

ings that there are increases in renal and hepatic native UDP-glucur-

onyl transferase, and also in renal N-acetyl transferase, led the authors 

to suggest that previously observed increases in plasma half-lives of 

certain drugs in scorbutic guinea pigs may be attributed to decreases 

in the mixed function oxidase activity, rather than in the Phase II 

conjugation reactions. 

Similarly, the work of Kuenzig et al. (19 77) indicates that 

the effect of vitamin C deficiency is dependent upon the particular 

drug substrate and the tissue from which the cytochrome P-450 is ob

tained. The activity of benzo(a)pyrene hydroxylase was found to be 

unaltered in microsomes from deficient guinea pigs. In contrast 7-

ethoxycoumarin dealkylase activity was less than 50% of normal. In 

addition, the dealkylation of 7-ethoxycoumarin was reduced to a similar 

degree in microsomes from lung tissue, but was unchanged in microsomes 

from intestinal tissue. An interesting study has recently been con

ducted in an animal model other than the guinea pig demonstrating the 

species specificity and time dependency of vitamin C deficiency and 

drug metabolism. -Green et al. (1978) studied the influence of vitamin 
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C deficiency on ketamine induced sleeping time and antipyrine half-life 

in cynomologus monkeys. Although plasma levels of vitamin C fell be

low detectable levels following eight weeks of dietary restriction and 

frank scurvy was not observed, no difference was found in the anti

pyrine half-life between the deficient and repleted states. They 

concluded that a portion of microsomal activity must have been retained 

during' the deficiency period and that the plasma vitamin C level is a 

poor indicator of vitamin-C dependent hepatic activity. 

Recently, Rikans, Smith, and Zannoni (1978) studied the activi

ties of the key enzymes involved in heme synthesis, in an attempt to 

clarify the biochemical role of vitamin C in drug metabolism. The 

activities of ^-aminolevulinic acid (ALA) sythetase, ALA dehydratase, 

and ferrochelatase, were not significantly reduced in livers from vit

amin C-deficient animals. In addition, there was no significant 

difference in the amount of mitochondrial heme, but vitamin C deficiency 

did affect induction with diethyl-l,4-dihydro-2,4,6-trimethylpyridine-

3,5-dicarboxylate (DDC), a known inducer of ALA synthetase activity. A 

six-fold increase in ALA synthetase activity occurred in liver homoge

nates prepared from normal animals. In contrast, there was no significant 

increase in activity in homogenates from vitamin C-deficient animals. 

Separation of 443000 to 60,000 dalton polypeptides (the molecular 

weight region for the various forms of cytochrome P-450) by polyacryla-

mide gel electrophoresis revealed quantitative differences in the 

polypeptides from normal and deficient microsomes. Vitamin C-deficient 

microsomes consistently demonstrated increases in two polypeptide bands 
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(54,000 and 55,000) and decreases in three polypeptide bands (.44,000, 

52,000, and 57,000). Pretreatment with phenobarbital induced the for

mation of a 46,500 dalton polypeptide and pretreatment with 3-methyl-

cholanthrene induced electrophoretic bands of 44,000, 48,000, 57,000, 

and 60,000 daltons. There were no differences between normal and defi

cient microsomes with respect to the type of polypeptide bands induced 

or the degree of induction. The authors concluded that the results are 

in keeping with a selective action of vitamin C on specific forms of 

P-450 apocytochromes and that vitamin C deficiency does not affect the 

availability of heme for cytochrome P-450 synthesis. 

In a recent review Omaye and Turnbull (.1980) reported the re

sults of a series of experiments attempting to investigate the involve

ment of vitamin C in the drug metabolizing system. In agreement with 

the findings of Rikans et al. (.1977) the urinary excretion of porphyrins 
I 

and porphyrin precursors from vitamin C-deficient guinea pigs was equal 

to or only slightly less than that found for vitamin C-supplemented 

animals indicating an absence of an effect of vitamin C on the synthesis 

of cytochrome P-450 heme. It was also reported that no induction of 

microsomal heme oxygenase (responsible for heme catabolism) or increase in 

the in vivo expiration of 14C0 was found in vitamin C-deficient animals. 

This finding is consistent with the work of Sikic et al. (1977) and 

Bissell and Guzelian (.19 79), indicating that vitamin C deficiency 

probably does not affect the degradation of cytochrome P-450 heme. In 

addition, plasma and hepatic iron and blood heme were related directly 

to vitamin C status and hepatic copper and plasma copper or 
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ceruloplasmin (the copper-containing plasma protein) were inversely 

related to the vitamin C status. They suggested that the decrease in 

cytochrome P-450 levels associated with vitamin C deficiency may be 

mediated by the increase in ceruloplasmin levels, indicating that in

creased ceruloplasmin may shift the equilibrium of the hepatic iron 

pool from the Fe2 to the Fe3 state in which it is unavailable for 

incorporation into heme. 

In summary, it has been shown by both In vitro and in vivo ex

periments that vitamin C deficiency in guinea pigs and other animals 

results in the decreased metabolism of a variety of drugs and carcino

gens and that supplementation of the vitamin augments the activity of 

these enzyme systems. Decreased metabolism has been documented for 

several oxidative pathways including hydroxylation, N-demethylation, 

and O-demethylation, and has been shown to be dependent upon the par

ticular substrate, the location of the cytochrome system, and the form 

of cytochrome P-450 responsible for the metabolic conversion. The 

period of vitamin C restriction required to decrease microsomal P-450 

levels significantly in the guinea pig is approximately 20 days, cor

responding to very low total stores of the vitamin and just prior to 

the onset of clinical symptoms of scurvy. The time required to decrease 

microsomal P-450 activity in other species has not been established. 

Of the many possible mechanisms that may explain how vitamin C status 

influences drug metabolism, most evidence seems to suggest: 1) an in

hibition of apo-cytochrome P-450 synthesis, 2) an increase in cerulo

plasmin resulting in a shift in the hepatic iron pool to the ferric 
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form which cannot be incorporated into heme, or 3) a reduction in the 

binding or assembly of heme and apo-cytochrome P-450 to form active 

cytochrome P-450 (Omaye and Turnbull, 1980). 

Human Studies 

In contrast to the large body of literature available regarding 

the effects of vitamin C on drug metabolism in animals, relatively few 

studies have been conducted in man, and even fewer in the geriatric pop

ulation. A.nuniber of drug interactions with vitamin C have been reported 

in the literature (Hansten, 1973) involving several mechanisms and 

varying degrees of clinical significance. Of the interactions reported, 

the majority involve some alteration of the metabolism or excretion of 

the drugs. Theoretically, vitamin C could affect all aspects of pharma

cokinetics. For example, large doses of the vitamin tend to produce 

diarrhea which could decrease the absorption of certain drugs by reducing 

the intestinal transit time. Vitamin C has been shown to slow gastric 

emptying and this could alter the absorption of drugs. Since vitamin C 

is bound to albumin, it is conceivable that it could displace highly 

bound drugs. If taken in sufficient quantities vitamin C tends to acid

ify the urine slightly (Nahata et al., 1977; Hetey et al., 1980). This 

could increase the renal tubular reabsorption, increase the plasma con

centration, and increase the half-life of weakly acidic drugs. This 

has been hypothesized to have occurred in studies involving salicylates 

(Levy and Leonards, 1971) and aminosalicylic acid (Weinstein, 1975). 

Conversely, acidification of the urine could enhance the urinary 
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excretion of weakly basic drugs. This has been demonstrated for the 

amphetamines (.Rowland, 1969) and the tricyclic antidepressants (Sjoqvist 

et al., 1969) with strong urinary acidifying agents. However, it is 

unlikely that the slight acidification achieved by vitamin C administra

tion would significantly alter the elimination of weak acids or bases. 

Vitamin C may affect the kinetics of drugs in man by altering 

oxidative metabolism. Conflicting reports have appeared in the litera

ture regarding an interaction between warfarin and vitamin C. Rosenthal 

(1971) and Smith et al. (1972) reported an apparent interaction in two 

patients receiving long-term warfarin therapy in which the prothrombin 

time was appreciably reduced during a period of vitamin C self-admin

istration. It is possible that vitamin C accelerates the hydroxylation 

of warfarin, however, subsequent studies have failed to demonstrate a 

clinically significant interaction with warfarin. Hume, Johnstone, and 

Weyers (1972) have shown that a 1 g daily dose of vitamin C taken with 

warfarin had no apparent effect on prothrombin time. Similarly, Feetam, 

Leach, and Meynell (1975) reported that no clinically important changes 

in prothrombin times were observed in subjects receiving up to 10 g of 

vitamin C per day for seven days. These investigators did report a 

decrease in the total plasma warfarin concentration in all but two of 

the 14 subjects following ingestion of 3 g per day for seven days, and 

a further decrease in the same subjects after an additional week of 5 g 

per day doses. A decrease was observed in five subjects who took 10 g 

of vitamin C daily. The fall of total plasma warfarin ranged from 2% to 

40%, with a mean decrease of 17.5%. 
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The first report of a potential reduction in antipyrine metabo

lism with vitamin C deficiency appeared in the literature in 1976 

(Beattie and Sherlock, 1976). Leukocyte vitamin C levels were measured 

in 138 patients with liver disease and in 28 normal controls. Signifi

cantly reduced levels were found in 37 patients with alcoholic liver 

disease and 25 patients with primary biliary cirrhosis. Liver vitamin 

C, measured in Menghini needle liver biopsies in 20 patients, was signi

ficantly correlated (r=0.807) with leukocyte vitamin C. No significant 

correlation was found between leukocyte vitamin C and hematological , 

indices, conventional liver function tests, or cholesterol levels in 

any group of patients. Antipyrine half-life in 4 control subjects was 

12.8 ± 0.9 hours and in 20 patients with liver disease was 20.6 ± 3.8 

hours, but there was no correlation with the leukocyte vitamin C level. 

However, when the Student's t-test was performed on groups of patients 

above and below a given leukocyte vitamin C level, the trend towards 

significance increased as the arbitrary leukocyte vitamin C level 

selected to separate the two groups was reduced from 200 nM (10® WBC)~1 

to 100 nM (.10® WBC)~1. Four patients with leukocyte vitamin C content 

below 100 nM (10® WBC)~1 had significantly higher antipyrine half-lives 

(28.3 hours) than 16 patients with leukocyte vitamin C content above this 

level (J.8.6 hours), although the prolonged half-life in patients with nor

mal leukocyte vitamin C levels suggests that vitamin C is only one of 

several factors involved. The authors concluded that delayed drug 
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metabolism related to low leukocyte vitamin C levels should be consid

ered when drugs metabolized by the liver are prescribed for patients 

with alcoholic liver disease or primary biliary cirrhosis. 

Wilson et al. (1976) studied the effects of vitamin C on the 

elimination of antipyrine and the steady-state plasma concentrations 

of phenytoin in 14 healthy adults ranging in age from 24 to 45 years. 

All subjects were non-smokers and drank alcohol and coffee or tea in 

moderate amounts. Vitamin C was administered in tablet form on a va

riety of dosage reigmens from 300 mg once a day to 1200 mg four times a 

day. No apparent attempts were made to control dietary intake during, 

the 10 to 14 day study. Apparently no attempt was made to determine 

the nutritional status of the subjects with respect to vitamin C either 

before or after the study. They reported no significant difference in 

the'elimination rate of antipyrine. No influence of vitamin C on other 

kinetic parameters such as volume of distribution and plasma clearance 

could be shown. The steady-state plasma concentration of phenytoin was 

assessed for four days in two adult patients with epilepsy. During treat

ment with vitamin C, both patients showed a plasma level of phenytoin 

similar to that seen prior to treatment. The authors concluded that 

for antipyrine and phenytoin, drugs which undergo extensive liver micro

somal hydroxylation prior to elimination, no clinically significant 

interaction with vitamin C exists in the dose range studied. 

In contrast to the above findings, Houston (1977) and Smithard 

and Langman (1977, 1978) published data that demonstrate an increased 

metabolic clearance of antipyrine during administration of vitamin C. 
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Houston (1977) investigated the possible interaction of vitamin C with 

the hepatic hydroxylation of antipyrine in five healthy male subjects 

aged 24 to 36 years. All but one subject were non-smokers. Normal 

diets were maintained throughout the study but no details regarding 

dietary content were provided. No indication of the subject's vitamin 

C status was given. One gram of vitamin C was administered orally for 

seven days. They were not allowed to consume any coffee or tea within 

one hour prior to sampling. The half-life of antipyrine was determined 

from a saliva concentration versus time plot. The apparent volume of 

distribution and the total body clearance were calculated on the assump

tion that the fraction of antipyrine absorbed was equal to one. The 

chronic administration of vitamin C resulted in a decrease of the saliva 

half-life of antipyrine in each of the five subjects. The mean total body 

clearance increased from 39.7 to 49.6 (ml hr *)kg 1(p<0.005) following 

the vitamin treatment. 

Smithard and Langman (1977) reported the results of a study in 

which they examined the effects of vitamin C deficiency on antipyrine 

metabolism in old age. They studied the metabolic clearance in ten vita

min C-deficient and 27 non-deficient elderly subjects. No indication 

was given as to the specific age range of the subjects, nor was any 

discussion given regarding how the vitamin C-deficient and non-deficient 

groups were determined. Other factors such as dietary intake, sex, and 

tobacco consumption were not stated. The clearances were 25.3 ± 8.8 and 

33.5 ± 11.5 (ml hr 1)kg 1(p<0.05) for the deficient and non-deficient 

groups, respectively. In addition, vitamin C was administered (no 
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regimen was stated) to eight subjects in the deficient group for two weeks 

and the metabolic clearance increased from 26.1 ± 9.6 to 36.5 - 12.9 

(ml hr )kg 1(p<0.025). No such improvement could be demonstrated in 

the "non-deficient group. The authors concluded that vitamin C defi

ciency in man causes a small but demonstrable impairment in drug 

metabolism that can be reversed by correcting the deficiency. It was 

also concluded that, since vitamin supplementation in elderly subjects 

with no demonstrable deficiencies did not alter drug metabolism, no 

interaction between vitamin C and drugs is likely to occur at the level 

of hepatic metabolism found in healthy people. 

Smithard and Langman (.19 78) reported the results of another 

study investigating the effect of vitamin supplementation on antipyrine 

metabolism in the elderly. Antipyrine plasma half-life and clearance 

was studied in 19 elderly patients shortly after admission to a geri

atric ward and again two weeks after a course of dietary supplementation 

with vitamins A, B complex, C, and D. No specific age range was given, 

but subjects were reported to be free of cardiac, gastrointestinal, 

hepatic and renal disease. All subjects were ambulatory, but suffered 

from varying degrees of debility primarily as a result of cerebrovascu

lar disease. Biochemical determinations were performed to determine 

serum folate, vitamin Bi2> leukocyte vitamin C, and plasma vitamin A 

levels. Antipyrine was given orally (18 mg kg *) dissolved in orange 

juice. Venous blood samples were collected at 3,.6, 12, and 24 hours. 

A one-compartment open model was assumed and the plasma half-lives, 

apparent volumes of distribution, and total body clearances were 



52 

calculated . The 19 patients were divided into two groups according to 

their initial leukocyte vitamin C level, ten with levels in the normal 

range 213.4 ± 67.0 nM(.10® WBC) 1 and 9 with low levels, 94.3 ± 17.0 

nM(108 WBC) , but without any clinical evidence of deficiency. The two 

groups had similar serum folate, vitamin B12> and plasma vitamin A 

levels. Although there was no difference in antipyrine elimination be

tween the two groups initially, in the vitamin C-deficient group there was 

a significant decrease in both the antipyrine half-life and increased 

clearance after two weeks of vitamin supplementation. Over the same 

period there was an increase in volume of distribution in the deficient 

group that correlated significantly with changes in clearance, but not 

with changes in half-life. Vitamin supplementation in patients with no 

demonstrable deficiencies did not alter antipyrine elimination. The 

authors acknowledged that improved hydration accentuated the changes in 

antipyrine clearance, but suggested that the decrease in antipyrine 

half-life most likely represented improved liver metabolism. They also 

acknowledged that admission to the hospital presumably resulted in im

provement in the general nutritional status of the previously malnour

ished patients. They concluded that the improvement in antipyrine 

metabolism was a result of the correction of vitamin C deficiency, 

although they acknowledged that correction of other deficiencies not 

investigated by the study could not.be ruled out as a factor in the in

creased antipyrine elimination. They also concluded that no interaction 

between vitamins and drugs is likely to occur at the level of hepatic 

metabolism observed in healthy people. 
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Vitamin C has also been shown to interfere with the metabolism 

of drugs via a mechanism other than the enhancement of Phase I hepatic 

microsomal oxidative reactions. For example, vitamin C is partially 

converted to ascorbic acid sulfate in man and animals via a Phase II 

conjugation reaction (i.e., sulfation). Conjugation with sulfate is an 

important pathway for the biotransformation of phenolic drugs. This 

pathway is easily saturated due to the limited availability of sulfate 

and that this can lead to altered biotransformation of such commonly 

used drugs as acetaminophen, salicylamide, and isoproterenol (Levy and 

Yamada, 1971; Houston and Levy, 1976; Houston, Wilkens, and Levy, 

1976). Houston and Levy (1976) found that the availability of sulfate 

was the rate-limiting determinant in the phenolic sulfation of aceta

minophen, and that vitamin C can inhibit the conjugation of acetaminophen 

by competing for available sulfate. Houston et al. (1976) studied a 

similar interaction in dogs using the intraduodenal administration of 

isoproterenol together with vitamin C. As with acetaminophen, vitamin 

C was shown to alter significantly the sulfation of isoproterenol. This 

interaction is potentially clinically significant, since even a moderate 

inhibition of sulfate conjugation can cause a pronounced increase in 

the systemic availability and pharmacologic activity of orally admin

istered isoproterenol. 

The relationship between hepatic alcohol dehydrogenase activity, 

a non-microsomal oxidative reaction, and leukocyte vitamin C level has 

also been studied. Krasner et al. (1974) showed a relationship between 

hepatic alcohol dehydrogenase activity and leukocyte vitamin C content 



in patients with non-alcoholic liver disease, although no control sub

jects were studied. Dow, Krasner, and Goldberg (.1975) studied a group 

of 35 patients with alcoholic liver disease using a control group of ten 

patients with duodenal ulcer. The patients with liver disease were di

vided into three groups consisting of non-drinkers, moderate drinkers, 

and heavy drinkers. All patients with liver disease had less than one-

half the hepatic alcohol dehydrogenase activity of the control patients. 

Leukocyte vitamin C levels were similar in both the experimental and 

control groups, but somewhat lower than normal, which is consistent with 

the work of Cohen and Duncan (1967). A correlation (r=0.77) was ob

served among the 35 patients with liver disease when hepatic alcohol 

dehydrogenase activity was compared with leukocyte vitamin C content. 

No correlation was found in control subjects having no liver disease. 

The addition of vitamin C _in vitro had no effect on alcohol dehydrogen

ase activity. This finding is in agreement with an in vivo study in the 

vitamin C-deficient guinea pig (Dow and Goldberg, 1975). The authors 

concluded that the relationship between hepatic alcohol dehydrogenase 

activity and leukocyte vitamin C level was probably a consequence of 

liver disease, and not a result of any specific effect of vitamin C 

deficiency or alcohol consumption. 

In summary, the literature investigating Phase I hepatic oxi

dative metabolic conversions and vitamin C deficiency does not clearly 

support or refute a potential interrelationship. Complex interactions 

with disease states, nutritional status, level of supplemental vitamin 

C, co-administration of other vitamins, changes in volume of 
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distribution, and the age of subject, confound the reported results and 

make interpretation difficult. While some investigators have demonstra

ted a reduction in antipyrine clearance with vitamin C supplementation 

in healthy young subjects, others have failed to demonstrate this, and 

still others have demonstrated alterations only in vitamin C-deficient 

elderly subjects. In contrast, vitamin C does appear to influence Phase 

II sulfate conjugation adversely when present in quantities sufficient 

to compete for available sulfate. 

Vitamin C 

The vast majority of mammals and birds are capable of synthe

sizing enough vitamin C to meet their requirements. Many animals 

including man, other primates, guinea pigs, the fruit-eating bat, and 

the red-vented bulbull bird require a dietary source of this vitamin 

(Kutsky, 1973). Scurvy is one of the oldest diseases known to man, 

dating back to Old Testament times, the Ebers papyrus, and the writings 

of Pliny (Harks, 1975). Although outbreaks of scurvy were reported in 

Roman times and in the later winter months durir.g the Middle Ages, the 

long voyages of the seventeenth century caused scurvy to become consid

ered primarily a disease of seamen. Historically, James Lind is 

credited with proving conclusively that citrus fruit would cure the 

disease in one of the first controlled clinical trials conducted in 

1747, even though others had recorded earlier how scurvy might be con

trolled by a decotion of pine needles or citrus fruit (Fawns, 1975). In 

1928, Albert Szent-Gydrgyi, a Hungarian biochemist, isolated a sub

stance from bovine adrenal glands which he called hexauronic acid 
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(Szent-Gyorgyi, 1928). Soon thereafter, other investigators isolated 

pure crystalline vitamin C from lemon juice and found it to have prop

erties similar to hexauronic acid. Szent-Gyorgyi subsequently studied 

t 

hexauronic acid for anti-scorbutic properties and found it to be active 

(Fawns, 1975). Once its identity was established, the name hexauronic 

acid was changed to ascorbic acid and has become commonly known as vit

amin C. Vitamin C is distributed widely throughout nature in virtually 

all foodstuffs of plant origin. It is found in particularly high con

centrations in citrus fruits and green vegetables, primarily in the 

soft parts and not in the seeds. The content of vitamin C varies 

greatly with the species of plant, degree of ripeness, duration of 

storage, and conditions of preparation. With the exception of organ 

meats, animal tissue is essentially devoid of vitamin C (Marks, 1975). 

Chemistry 

Biosynthetically a derivative of d-glucuronic acid (Hunter, et 

al., 1973), vitamin C is the enolic form of 3-keto-gulofuranolactone. 

Although various compounds have vitamin C activity, the most important 

of these is 1-ascorbic acid. The d-isomer is devoid of activity. The 

enediol groups at C-2 and C-3 are sensitive to oxidation and can easily 

convert into a diketo group, resulting in dehydro-l-ascorbic acid (Marks, 

1975). Other names for vitamin C include 1-xyloascorbic acid, 1-3-

ketothreohexauronic acid lactone, antiscorbutic vitamin, and cevitaminic 

acid (Anon., 1976a). The structures of vitamin C, dehydroascorbic acid, 

and 2,3-diketogulonic acid are presented in Figure 2-1. 
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As characterized in the original work (Szent-Gyorgyi, 1928), 

vitamin C is a highly reactive carbohydrate derivative, corresponding 

to the formula CgHgOg(equivalent weight = 178) with a melting point 

ranging between 175° and 189° and optical rotation of +0.48 in a 1 dm 

tube at 21°C. Vitamin C is now known to have a molecular weight of 

176.12 atomic mass units and a percent composition of carbon, C-40.91; 

hydrogen, H-4.58; and oxygen, 0-54.51. In a crystalline state (usually 

plates, sometimes needles, or monoclinic) vitamin C is stable to air 

when dry. One gram dissolves in about 3 ml water, 30 ml ethanol, 100 

ml glycerol U.S.P., and 20 ml propylene glycol. It is insoluble in 

ether, chloroform, benzene, oils, fats, and fat solvents. Aqueous solu

tions are rapidly oxidized by air, and the oxidation is accelerated by 

alkalies, iron, and copper. The pH of a 50 mg ml 1 aqueous solution is 

2; pKi=4.17 and pK2=11.57. Acidic solutions exhibit a maximum ultra

violet absorbance at 245 nm, while neutral solutions have a maximum 

absorbance at 265 nm (Anon., 1976a). 

Physiologic Function and Required Intake 

Vitamin C has been shown to be involved in many biochemical 

processes in addition to its classical role in collagen metabolism and 

the prevention of scurvy (Marks, 1975; Barnes and Kodicek, 1972). Al

though the full biochemical function of vitamin C is still unknown, 

isolated reactions and processes in which it may be involved include 

tyrosine oxidation (La Du and Zannoni, 1961) , conversion of folic acid 

to folinic acid (Stokes et al., 1975), iron absorption and transport 



(Derman et al., 1977), cholesterol metabolism (Turley, West, and Horton, 

1976), hemoglobin formation and hematopoiesis (Loh and Wilson, 1971a), 

calcium regulation and corticosteroid metabolism (Fordyce and Kassouny, 

1977), resistance to infections and the immune system (Shilotri, 1977), 

cyclic AMP regulation (Srivastava and Th£or£t, 1977), and drug metabo

lism (Sato and Zannoni, 1976). 

The Food and Nutrition Board of the National Academy of Sciences 

has set a U. S. Recommended Daily Allowance (USRDA) for vitamin C of 

60 mg per day (Anon., 1980). These levels of intake are intended to 

provide an adequate amount of vitamin C to meet the known nutritional 

needs of practically all healthy persons. Although as little as 10 mg 

of vitamin C per day is sufficient to alleviate and cure the clinical 

signs of scurvy in human subjects, the Food and Nutrition Board acknowl

edges that this amount may not be satisfactory for the maintenance of 

optimal health over long periods of time. A normal diet including two 

to three servings of fruits and/or vegetables will provide from 25 to 250 

mg of vitamin C depending upon the particular foodstuff, the method of 

storage, and the method of preparation. The adequacy of the USRDA for 

vitamin C has been the topic of much discussion during the past decade. 

Linus Pauling (19 70) has suggested that the USRDA for vitamin C 

may be as much as a ten-fold underestimate of the actual human need for 

"optimal" health, based upon evolutionary considerations and the syn

thetic capabilities of lower animals. Advocates of this point of view 

have recommended the daily intake of mega-doses of vitamin C for a va

riety of indications. To date, there has been considerable debate and 
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limited scientific investigation regarding the controversy, leaving it 

essentially unresolved. Daily intakes of vitamin C in excess of the 

amount provided by a well-balanced diet can potentially result in a 

pharmacologic effect from the compound in contrast to its strictly 

nutritional activity. The pharmacology and toxicology of high-dose 

vitamin C intake will be discussed in a subsequent section. 

Pharmacokinetics 

Absorption. Vitamin C is readily absorbed from the intestinal 

tract in man by a saturable active transport process (Mayersohn, 1972; 

Stevenson, 1974; Mellors, Nahrwold, and Rose, 1977). Recently, Rose and 

Nahrwold (.1978) demonstrated in vitro that active transport of vitamin C 

in guinea pig ileum is mediated by a carrier mechanism at the brush bor

der membrane. They also demonstrated that influx was significantly re

duced in scorbutic animals and following 14 to 28 days of high dose (5 to 

25 times normal) vitamin intake. Intramuscular injection of vitamin C 

also reduced the rate of influx, and the authors suggested that the body 

responds to high circulating levels of ascorbic acid by decreasing the 

active transport mechanism responsible for absorption of the vitamin. 

They also acknowledged that the vitamin C concentration within the in

testinal lumen or transport cells may have a regulatory role. While it 

was once thought that absorption from the rat intestine occurred by 

passive diffusion, Davis et al. (.1977) have shown that an active process 

may also be present. Ingestion of 50 mg of vitamin C results in a peak 

plasma level within 1.5 to 2.5 hours which returns to fasting levels in 
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three to four hours (Todhunter, RoBbins, andMcIntoSh, 1942). Dietary intake 

of 30 to 180 mg of vitamin C in divided doses results in 80% to 90% ab

sorption (Kallner, Hartmann, and Hornig, 1977). Bioavailability of the 

vitamin from synthetic and natural sources appears to be similar 

(Pelletier and Keith, 1974). The bioavailability of a 1 g sustained-

release preparation of vitamin C has been reported to be 98% compared 

to 69% for the same dose of a non-sustained release preparation (Zetler 

et al., 1976). It has been suggested that a clinically useful and prac

tical means of improving absorption efficiency is to divide the desired 

total daily dose into smaller doses (Mayersohn, 1972). 

Distribution. While it was once thought that oxidized vitamin 

C, dehydroascorbic acid, was the preferential form for membrane trans

port, Hornig, Weber, and Wiss (1974) have shown the in vivo tissue 

uptake of labelled vitamin C in guinea pigs to be more rapid than the 

labelled oxidized form, suggesting that dehydroascorbic acid has to be 

reduced to ascorbic acid prior to uptake by the tissues, possibly in the 

blood cells. t The level of vitamin C found in various tissues is in the 

following order: adrenals > leukocytes > pituitary > eye lens > brain > 

pancreas > liver > spleen > kidneys > heart muscle > lungs > skeletal 

muscle > testes > thyroid > plasma > saliva (Hornig, 1975a). Average 

values reported in the literature for tissues of interest (based on mg 

vitamin C per 100 g wet tissue) include: leukocytes - 30.0, liver -

12.5, kidney - 10.0, and plasma 1.0 (Hornig, 1975a). In vitro studies 

have shown that the uptake of vitamin C by the skin, bones, and teeth 

of the rat declines with age (Patnaik, 1971). Yavorsky, Almaden, and 
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King (1934) demonstrated that the vitamin C content of human liver tis

sue is essentially constant (14 to 16 rag %) for samples obtained from 

subjects ranging in age between one day and 45 years, and that the vitamin 

C content of hepatic samples from subjects aged 46 to 77 years was lower 

(6 mg %) indicating a decrease with aging. The leukocytes are thought 

to be a storage site for vitamin C and leukocyte vitamin C content has 

been shown to be inversely proportional to the total white blood cell 

count (Loh and Wilson, 1971b). Vitamin C binding to plasma proteins is 

reported to be about 24% (range 8% to 36%) although theoretical consider

ations reveal binding could be as high as 70% (Zetler et al., 1976). 

The average total body pool of vitamin C has been reported to be from 

1500 mg to 2800 mg in man (Baker, Saari, and Tolbert, 1966; Baker et al., 

1971). The size of the vitamin C body pool and its rate of utilization 

have been directly correlated to the size of the fat-free body weight 

(Baker et al., 1962). The apparent volume of distribution in man after 

a 1 g intravenous dose of vitamin C has been reported to be approxi

mately 80 liters (Zetler et al., 1976). This volume does not correspond 

to any physiologic compartment and is in fact larger than total body 

water (approximately 42 1 for a 70 kg man), which is consistent with 

the leukocyte storage, tissue binding, and plasma protein binding re

ported for the vitamin. 

Metabolism. The metabolism of vitamin C in animals is depen

dent upon such factors as species, age, route of administration, amount 

given, and nutritional status of the animal. Although there appears 

to be common pathways of vitamin C metabolism observed with low dietary 
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intakes that are similar from species to species, excess vitamin C is 

metabolized quite differently in different species (Tolbert et al., 

1975). In solution, vitamin C is rapidly oxidized to dehydroascorbic 

acid, which is in turn degraded to 2,3-diketogulonic acid. Since no 

specific ascorbic acid oxidase has been reported in animals, the initial 

oxidation of vitamin C in vivo must occur non-enzymatically (Tolbert et 

al., 1975). Enzymatic delactonization of dehydroascrobic acid to 2,3-

diketogulonic acid has been reported in ox, rabbit, rat, and guinea 

pig livers, but not in monkey or man (Kagawa, Takaguchi, and Shimazono, 

1961). While it is possible that this reaction may occur non-enzymat-

ically in man, 2,3-diketogulonic acid is not considered to be a likely 

metabolite (Baker et al., 1966). All animals including man 

appear to be able to cleave vitamin C between C-2 and C-3 to give 

oxalate and a 4-carbon, intermediate, representing about 10% of the 

essential catabolism in man (Tolbert et al., 1975). Since 2,3-diketo-

gulconic acid is not a likely metabolite, Baker at al. (1966) suggested 

that the cleavage of the C-2 to C-3 bond may occur enzymatically while 

the ascorbate lactone ring is still intact, resulting in the formation 

of oxalate and threose, which could be excreted directly or as a conju

gate. Threonate and threonolactone have been identified in guinea pig 

urine (Tolbert et al., 1975). A major pathway for vitamin C metabolism 

in most animals, including some primates but not man, is the conversion 

of dehydroascorbic acid to carbon dioxide via enzymes of the pentose 

monophosphate shunt (Tolbert et al., 19 75). For example, this pathway 

accounts for 60% to 70% of an administered dose of vitamin C in the 
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guinea pig. Mead and Finamore (1969) discovered ascorbate-2-sulfate 

in brine shrimp cysts. Subsequently, Baker et al. (1971) isolated the 

metabolite from human urine and discussed its potential role in the 

ascorbate pool in man and animals. Blaschke and Hertting (1971) have 

identified 2-methylascorbate, a minor metabolite of vitamin C, in the 

urine of rats and showed that catechol-O-methyltransferase catalyzed 

the reaction in vitro. In summary, the only known metabolic products 

of vitamin C in man are dehydroascorbic acid, oxalate, and ascorbate-

2-sulfate (Hornig, 1975b). 

Excretion. Vitamin C and its metabolites are excreted primar

ily in the urine and to a lesser extent in the sweat and feces (Marks, 

1975). Renal excretion is the result of glomerular filtration and 

active tubular reabsorption of the vitamin (Davis et al., 1977). The 

maximum tubular capacity for vitamin C is approximately 1.5 mg % in man. 

At plasma concentrations of 1.4 mg %, 97% to 99% of the filtered vitamin 

C is reabsorbed (Wilson, 1974). The vitamin appears in the urine as 

parent compound, dehydroascorbic acid, 2,3-diketogulonic acid, oxalate, 

and ascorbate-2-sulfate in various proportions depending upon the level 

of dietary intake. At low levels of intake (e.g., less than 180 mg per 

day) about 10% of the absorbed vitamin C is excreted as unchanged par

ent compound (Kallner, Hartmann, and Hornig, 1979). At this level of 

intake vitamin C accounts for approximately 40% of the total urinary 

oxalate excreted (Atkins et al., 1964). With higher levels of intake 

(e.g., up to 2000 mg per day) about 80% of the dose is excreted as 

•parent compound, and only 20% of the dose is excreted as metabolites 
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(Kallner et al., 1979). Keltz, Kies, and Fox (1978) have shown that 

both dietary fiber and dietary zinc influence urinary excretion of vit

amin C with increased hemicellulose intake resulting in increased 

vitamin excretion and increased zinc intake decreasing urinary vitamin 

excretion. With low dietary vitamin C intake, fecal loss is minimal 

(Marks, 1975). As the dose is increased and absorptive capabilities 

are exceeded, the fecal excretion of vitamin C could increase as a re

sult of unabsorbed compound passing through the gastrointestinal tract 

(Marks, 19 75). 

Depletion-Repletion Kinetics. There is a good linear correla

tion between plasma vitamin C levels and dietary intake ranging from 5 

to 140 mg of vitamin C per day (Hodges, 1976). The corresponding plasma 

level for that same intake range is 0.1 to 1.7 mg %. When vitamin C 

intake is totally restricted, plasma levels fall rapidly during the 

first month to about 0.1 mg % (Hodges et al., 1971). Continued restric

tion results in the clinical manifestation of scurvy within 90 to 100 

days from the initiation of restriction. At this time the total body 

pool will have been reduced from about 2000 mg to approximately 300 mg 

(Baker et al., 1971). The depletion rate has been characterized as 

exponential with an average rate of 3.2 ± 1.0% per day corresponding to 

a half-life of approximately 20 days (Baker et al., 1971). The reple

tion with vitamin C in subjects with clinical scurvy is reported to 

follow a zero-order process, proportional to the daily vitamin intake 

(Baker et al., 1969). Once the body pool is repleted to a level of 

1500 mg, urinary excretion of vitamin C occurs (Baker et al., 1969). 
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Under steady-state conditions with- vitamin C intake in the range of 3Q 

to 180 mg per day, Kallner et al. (1979) found that the half-life of 

vitamin C is inversely related to the dose and that the total body pool 

could be increased to about 20 mg kg--*- body weight, corresponding to an 

average plasma level of about 1.0 mg %, by increasing the dose. They 

reported that the overall half-life approached ten days as the dose in

creased and the total turnover reached about 70 mg day~l. Yung, Mayer-

sohn, and Robinson (1978) administered 1 g of vitamin C intravenously to 

subjects who had been saturated with the vitamin and found the excretion 

rate versus time data to be consistent with a two-compartment model. They 

reported a mean distribution phase•half-life of 0.69 hours and a mean 

elimination phase half-life of 3.37 hours at this level of intake. In dos

ing with four levels of vitamin C (.1, 2, 3, and 5 g per day) Angel et al. (1975) 

reported that the ingestion of 1 g of vitamin C per day for one week 

significantly increased plasma and whole blood levels over pre-supple-

mentation levels, but larger amounts of vitamin G failed to increase 

further plasma or whole blood levels. Plasma and whole blood vitamin 

C levels stabilized at approximately 1.9 and 2.2 mg %, respectively. 

Urinary excretion of vitamin C increased with intake, up to an intake 

of 3 g per day, but did not increase further when ingestion was in

creased to 5 g per day, indicating that absorption of the vitamin had 

reached a maximum. In summary, the kinetics of vitamin C depletion and 

repletion are complex and dose-dependent. Total dietary restriction 

for a period of 30 days should reduce the total body pool of the vitamin 

by approximately 30% to 50% resulting in a correspondingly lower plasma 
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level in the 0.1 to 0.2 mg % range. Repletion to pre-restriction status 

could theoretically be accomplished by the oral administration of 500 

to 1000 mg of vitamin C in divided doses for a period of one to two days, 

Pharmacology and Toxicology 

In the past decade high-dose vitamin C intake has received con

siderable acclaim for efficacy in a variety of disease states including 

the common cold and respirator infections, urinary acidification, 

urinary tract infections, fatigability, and cancer. While some clini

cal trials with daily vitamin C doses up to 4000 mg have reported a 

slight reduction in the severity of cold symptoms (Anderson, 1977) , 

there is little evidence of a significant reduction in either the fre

quency or total duration of the infectious process (Anderson, 1979) . 

Once thought to be an effective urinary acidifying agent, it has now 

been shown that doses up to 6 g daily result in only slight decreases 

in pH (0.24 pH units) from control .levels (Nahata et al., 1977). Hetey 

et al. (1980) demonstrated a 0.58 pH unit reduction relative to control 

following oral administration of vitamin C (1 g four times a day) . In an 

epidemiologic study Cheraskin, Ringsdorf, and Medford (1976) surveyed 

a group of dentists and their wives with respect to vitamin C intake 

and fatique symptoms and reported that the mean number of fatigue 

symptoms among the low users of vitamin C (less than 100 mg per day 

intake) was double that reported among the relatively high users of 

vitamin C (more than 400 mg per day intake). Houston et al., 

(JL976) found that intraduodenal administration of isoprenaline in 

conjunction with vitamin C in dogs caused a much greater increase in 
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heart rate than isoprenaline alone. No potentiating effect was observed 

following intravenous administration. Hadju, Jaranyi, and Matos (19 79) 

studied this same action in man and reported that vitamin C in large 

oral doses (1 g every hour for five hours) decreased the chronotropic 

effect of isoprenaline administered intravenously. Plasma and leukocyte 

concentrations of vitamin C have been shown to be reduced in acute in

fections, rheumatoid arthritis, gastrointestinal disorders, and malig

nant states (Wilson, 1974). In studying the effect of vitamin C on 

tumor growth in adult guinea pigs, Migliozzi (19 77) reported that mega

doses of vitamin C ( 1 g kg 1 per day) stimulated tumor growth, 

suggesting that rapidly growing tumor tissue may have a greater require

ment for vitamin C than normal tissue. 

With the self-administration of supplemental vitamin C by many 

segments of the population, there has been some concern regarding the 

potential adverse effects of the regular and prolonged ingestion of 

large amounts of the vitamin. There is general agreement that daily 

intake of 0.5 g vitamin C for long periods of time does not normally 

produce toxic effects (Wilson, 1974). Daily intake of 1 g of vitamin 

C may cause diarrhea (Goldsmith, 1971). The formation of calcium oxa

late calculi is possible, but doses below 4 g daily result in 

insignificant increases in urinary oxalate (Lamben and Chrystowski, 

1954). Parenteral vitamin C administration has resulted in slight 

changes in plasma and urinary uric acid levels (Pena et al., 1964). 

While concurrent ingestion of vitamin C has been reported to destroy 

vitamin B12 in food (Herbert and Jacob, 1974), a recent study by 
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Newmark et al. (1979) was unable to substantiate this finding. Admin

istration of vitamin C could interfere with diagnostic tests for 

diabetes mellitus (false positive for Clinitest^) presumably due to 

pentosuria associated with high intake of the vitamin (Mayson et al., 

1972), but Smith and Young (1977) were unable to substantiate this 

interaction. High doses of vitamin C taken during pregnancy have been 

reported to cause rebound scurvy in infants postpartum (Cochrane, 1965). 

Aberration of the hematopoietic system in subjects with glucose-6-

phosphate-dehydrogenase deficiency receiving large quantities of vitamin 

C has been postulated (Herbert, 1977). Basu (1977) has suggested that 

the reduced urinary excretion of cysteine and thiocyanate during mega

dose vitamin C administration may be the result of increased utilization 

of the amino acid for vitamin C metabolism and that cyanide detoxifica

tion may be impaired. 

Caffeine 

Caffeine, ethanol, and nicotine share unique acclaim as the three 

most widely consumed psychoactive ingredients in the world (Greden, 

19 79). Caffeine and two related alkaloids, theophylline and theobro

mine, occur in plants widely distributed throughout the world. For 

centuries coffee, tea, and other beverages have been prepared from 

aqueous extracts of these plants. Coffee beans, Coffee arabica; tea 

leaves, Thea sinensis; kola nuts, Cola vera or accuminata; guarana, 

Paullinia cupana; and matd, Ilex paraguayensis are natural sources of 

the three alkaloids, containing approximately 1% to 2% caffeine (Truitt, 
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1971). The historical origin of beverages derived from these plants is 

uncertain, although coffee appears to have originated in Arabia and tea 

in China. Some historians credit the Dutch with the introduction of 

tea to Europe in the early sixteenth century (Greden, 1979). More than 

a billion kilograms of coffee are consumed annually in the United States 

alone (Ritchie, 1975). Tea consumption is only 25% that of coffee in 

America, but this constitutes more than 40 billion servings per year 

(Greden, 1979). In addition, caffeine is present in cocoa and cola 

beverages as well as a variety of over-the-counter and prescription med

ications. It has been estimated that the average coffee drinker 

consumes approximately. 300 mg of caffeine per day with 20% to 30% of 

adult Americans consuming up to 600 mg of caffeine per day and 10% 

possibly consuming more than 1000 mg per day (Greden, 1979). 

Chemistry 

Caffeine, 1,3,7-trimethylxanthine; theophylline, 1,3-dimethyl-

xanthine; and theobromine, 3,7-dimethylxanthine are commonly referred 

to as xanthine derivatives, methyl xanthines, or simply xanthines 

(Ritchie, 1975). Other names for caffeine include 3,7-dihydro-l,3,7-

trimethyl-lH-purine-2,6-dione; 1,3,7-trimethy1-2,6-dioxopurine; cof-

feine; thein; guaranine; and methyltheobromine (Anon., 1976b). The 

structures of caffeine, xanthine, and uric acid are presented in Figure 

2-2. Xanthine is 2,6-dioxypurine and is structurally related to uric 

acid. The xanthine molecule is composed of two heterocyclic rings, 

pyrimidine (1,3-diazine) and imidazole, which share two carbon atoms 



CAFFEINE XANTHINE 

URIC ACID 

Figure 2-2. Structures of caffeine, xanthine, and uric acid. 
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(Truitt, 1971). Caffeine (C8H10N4O2) has a molecular weight of 194.19 

atomic mass units in the anhydrous form, and the following percentage 

composition: carbon, C-49.48; hydrogen, H-5.19; nitrogen, N-28.85; and 

oxygen, 0-16.48. It has a melting point of 238°C and sublimes at 178° 

_ 14 
C. It is an extremely weak base with a at 19°C of 0.7 X 10 

(Anon., 1976b). Caffeine exists as a white powder or glistening, white 

needles, usually matted together. It is odorless and has a bitter 

taste. It is sparingly soluble in water and in alcohol, freely soluble 

in chloroform, and slightly soluble in ether (Anon., 1975). The low 

aqueous solubility of caffeine has been enhanced by the formulation of 

complexes with sulfathiazole, sulfadiazine, para-aminobenzoic acid, 

benzocaine, phenobarbital, and barbital (Higuchi and Lach, 1954). In 

addition, caffeine is commercially available for parenteral administra

tion as Caffeine and Sodium Benzoate Injection, U.S.P., which consists 

of a 1:1 mixture of the compounds (Anon., 1975). 

Pharmacokinetics 

Absorption. Caffeine is well absorbed following oral administa-

tion. Axelrod and Reichenthal (1953) found the plasma concentration 

versus time curves following oral and intravenous administration of 

caffeine (7 mg kg ) to be superimposable indicating absorption from 

the gastrointestinal tract is rapid and essentially complete. Peak 

- 1  

plasma levels of about 10 yg ml occurred approximately 30 to 60 minutes 

after ingestion. Sant'Ambrogio, Mognoni, and Ventrella (1964) 

reported peak plasma levels of caffeine after 30 minutes in five 

male subjects following th.e oral administration of caffeine. 
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Routh et al. (1969) reported peak plasma levels of 3 ]ig ml 1 approxi

mately one hour after an oral dose of 120 mg. The gastric absorption 

of caffeine was investigated by Chvasta and Cooke (1971) and found to 

be consistent with the pH partition hypothesis. Negligible absorption 

occurred when stomach contents were buffered to pH 1, and maximal ab

sorption (21.5%) occurred when stomach contents were buffered to pH 7. 

The majority of caffeine absorption must occur in the small intestine, 

since gastric absorption accounted for only 17% of the absorption of a 

175-mg dose in man (Chvasta and Cooke, 1971). 

Distribution. Following administration, caffeine appears to 

distribute uniformly into tissues in approximate proportion to their 

water content (Axelrod and Reichenthal, 1953). The most extensive work 

on the tissue distribution of caffeine has been performed in animals 

(Burg, 1975). One hour following the administration of caffeine (25 

mg kg-1) the concentration was nearly identical in the lung, heart, 

skeletal muscle, testes, and liver of the mouse, indicating that dis

tribution into tissues occurs rapidly (Burg and Werner, 1972). Axelrod 

and Reichenthal (1953) also found the concentration of caffeine in 

cerebrospinal fluid to be almost the same as that in plasma water of the 

dog, indicating that caffeine freely crosses the blood-brain-barrier. 

Placental transport of caffeine has been reported in humans (Goldstein 

and Warren, 1962). Eichman et al. (1962) reported the protein binding 

of caffeine to 2% bovine serum albumin in vitro to be 17%. Earlier, 

Axelrod and Reichenthal (1953) had reported the plasma protein binding 

of caffeine in man to be approximately 15%. The apparent volume of 
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distribution as estimated from the work of Axelrod and Reichenthal 

(1953) is about 42 liters based upon an average zero-time plasma 

concentration estimate of 12 ]ig ml-"'* and an approximate subject 

weight estimate of 72 kg. This apparent volume of distribution 

corresponds physiologically to total body water. Parsons and Neims 

(1978) reported the apparent volume of distribution in 13 healthy 

non-smoking subjects to be 610 ± 80 ml kg-"'", which is in good agree

ment with the above estimate. 

Metabolism. Although the metabolic rate of caffeine in man 

has been studied since the beginning of this century, the complete meta

bolic scheme has not been determined (Burg, 1975). It is generally 

agreed that caffeine is metabolized by enzymes of the microsomal cyto

chrome P-450 system. The plasma clearance of caffeine in rats is 

markedly increased by known inducers of drug metabolism including pheno-

barbital, benzanthracene, pyrene, chrysene, benzo(a)pyrene, and poly-

chlorinated biphenyls (Welch, Hsu, and DeAngelis, 1977). Parsons and 

Neims (.1978) reported the total body clearance of caffeine to be signifi

cantly greater in smokers than in non-smoking control subjects. No 

significant difference was noted in their apparent volumes of distribu

tion. Caffeine has also been shown to induce its own metabolism (Mitoma, 

1970). The stimulatory effect of caffeine on drug metabolism was 

additive to that of phenobarbital when acetanilide was the substrate, 

and the stimulatory effect of caffeine had a very short duration after 

discontinuation of the treatment (Mitoma et al., 1969). Lombrozo and 
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Mitoma G1970) demonstrated that the form(s) of the cytochrome system 

induced by caffeine are similar to those induced by 3-methylcholan-

threne (P-448). Caffeine induction does not appear to increase the 

cytochrome content of hepatic microsomes significantly (Mitoma et al., 

1969). Recently, Aldridge, Parsons, and Neims (1977) demonstrated that 

caffeine is a moderately poor substrate for cytochrome P-450 in control 

and phenobarbital-pretreated rats, but that it is a particularly good 

substrate for the form(s) induced by 3-methylcholanthrene. This finding 

is in agreement with the work of Lohmann and Miech (1976) who reached 

this same conclusion for theophylline. They also reported that theo

phylline metabolism is localized only in the liver, since slices' of 

heart, lung, intestine, brain, adrenals, kidney, and spleen did not 

metabolize the compound. The metabolism of theophylline has also been 

shown to be dependent upon the methylxanthine content of the diet, with 

increased elimination following a seven day period of dietary methyl

xanthine abstention (Monks, Caldwell, and Smith, 1979). Caffeine 

metabolism exhibits a pronounced age-dependence, especially during the 

first year of life (Aldridge, Aranda, and Neims, 1979). The fraction 

of caffeine excreted unchanged in the urine gradually decreases from 

more than 85% during the first month of life to less than 2% by the age 

of seven to nine months, indicating that the metabolic pathways for 

caffeine are not fully functioning until near the end of the first year 

of life. In addition, Bory et al. (.1979) have demonstrated that new

borns are capable of converting theophylline to caffeine. 
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Urinary Metabolite Excretory Patterns. Quantitation of the 

urinary metabolites of caffeine is complicated by the possibility that 

methylxanthines in human urine may have an endogenous origin or may re

sult from exogenous sources other than caffeine (Burg, 1975). The work 

of Cornish and Christman (1957) was perhaps the first to quantitatively 

assess the human metabolism of caffeine. The content of urinary methyl

xanthines and methyluric acids was determined following the ingestion of 

two 500 mg doses of caffeine in two subjects. The excretion of 1-methyl-

uric acid and 1-methylxanthine accounted for about 46% of the ingested 

caffeine. In addition, 1,7-dimethylxanthine, 7-methylxanthine, 1,3-

dimethyluric acid, and unchanged caffeine were also present in the 

urine. Approximately 66% of the administered dose was accounted for in 

the urine. Theobromine was excreted primarily as methylxanthines and 

theophylline was excreted predominantly as methyluric acids. Although 

a control period of dietary intake low in methylated purines was 

instituted before the administration of either caffeine, theobromine, 

or theophylline, no correction for background excretion of methylxan

thines or methyluric acids was made. The authors concluded that 

demethylation of the xanthines may occur at either the 1, 3, or 7 

position, and that in man the order of increasing stability of these 

methyl groups is 3, 7, and 1. The metabolic scheme determined by these 

investigators is presented in Figure 2-3. Several conclusions made in 

the determination of this scheme have been criticized by Burg (1975) in 

light of more recent studies. Cornish and Christman concluded that 
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1. 3. 7-TRIMETHYLXANTHINE 
(CAFFEINE) 

1, 7-DIMETHYLXANTHINE 

(PARAXANTHINE) 
(THEOPHYLLINE) 

1  \ \  \ 7 
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3-METHYLXANTHINE 1-METHYLXANTHINE 

3. 7-DIMETHYLXANTHINE 
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7-METHYLXANTHINE 

1-METHYLURIC ACID 
t 
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Figure 2-3. Compounds excreted in the urine by man after the ingestion 
of caffeine, theophylline, and theobromine. — Metabolic pathways for 
caffeine (- ), theophylline ( ), and theobromine (•••••) 
from Cornish and Christman (1957). 
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1,3-dimethyluric acid resulted from the demethylation of theophylline 

rather than the demethylation of 1,3,7-trimethyluric acid. They also 

concluded that the demethylation of caffeine does not proceed beyond 

the monomethylxanthines in man, since no accumulation of xanthine was 

observed in the urine and no alteration in uric acid excretion was 

observed. In contrast to these findings, Schmidt and Schoyerer (1966) 

found that l-methylxanthine was not the major metabolite excreted in the 

urine up to 24 hours after the administration of 300 mg caffeine in two 

subjects. These investigators reported approximately equal amounts of 

1,7-dimethylxanthine, 3,7-dimethylxanthine, and unchanged caffeine with 

substantially lesser amounts of l-methylxanthine. A possible expla

nation for this apparent contradiction may be that the variation in 

half-life with dosage in man does give some indication of saturable 

hepatic metabolism for caffeine (JBurg, 1975). Jenne, Nagasawa, and 

Thompson (1976) confirmed the findings of Cornish and Christman with 

respect to theophylline metabolism. Following oral theophylline admin

istration to 15 patients the mean values for theophylline-derived urine 

produces were: unchanged theophylline, 8%; 3-methylxanthine, 36%; 1, 

3-dimethyluric acid, 40%; and 1-methyluric acid, 17%. Urinary concen

trations of 3-methylxanthine and 1,3-dimethyluric acid were inversely 

related suggesting competition for substrate. The authors concluded 

that the 1-demethylation of theophylline to 3-methylxanthine is the 

dominant reaction determining the theophylline serum concentration. 

Based upon the above findings and the metabolic pathway of xanthine 
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metabolism of caffeine is presented in Figure 2-4. 

Excretion. Caffeine and caffeine derived metabolites are ex

creted primarily by the kidneys. Caffeine has been shown to be excreted 

into saliva (Parson and Neims, 1978) and into breast milk (O'Brien, 

1974). Other possible routes for caffeine excretion include sweat, 

lacrimal fluid, and feces. In man and other animals a very low per

centage of an administered dose of caffeine is excreted unchanged as 

parent compound in the urine (Burg, 19 75). Axelrod and Reichenthal 

(1953) reported that 0.5% to 1.5% of a 100 mg intravenous dose of caf

feine was excreted unchanged in the urine in 24 hours. Cornish and 

Christman (1957) indicated that only 1% of a 1 g oral dose of caffeine 

was excreted in the urine as parent compound in 48 hours. Approximately 

two-thirds of the administered dose was excreted in the urine, pri

marily as 1-methyluric acid and 1-methylxanthine. The fate of the 

remaining 30% is not well understood. The plasma half-life for caf

feine in man following 7 mg kg caffeine is approximately 3.5 hours 

with a range of 2.5 to 4.5 hours (Axelrod and Reichenthal, 1953). 

Parsons and Neims (1978) reported a mean salivary half-life of 6.0 

hours in 13 non-smoking control subjects following oral caffeine admin

istration and 3.5 hours in 13 smoking subjects. . The half-life of 

caffeine in dogs administered 4 mg kg 1 caffeine is approximately five 

hours (Axelrod and Reichenthal, 1953). A relationship between half-

life and dose has been reported in the rat and in the mouse (Burg, 

1975). 
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1, 3, 7-trimethylxanthine 
(caffeine) 

1, 7-dimethylxanthine 
(paraxanthine) 1, 3-dimethylxanthine 3, 7-dimethylxanthine 

(theophylline) (theobromine) 

1, 3-dimethyluric acid 3, 7-dimethyluric acid 

3-methylxanthine 7-methylxanthine 1-methylxanthine 

7-methyluric acid 3-methyluric acid 1-methyluric acid 

uric acid xanthine 

Figure 2-4. Possible scheme for caffeine metabolism in man. — Possible 
metabolic pathways for caffeine ( ), theophylline ( ), and 
theobromine (.•••••)• 
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In summary, caffeine appears to be rapidly and completely ab

sorbed from the gastrointestinal tract. Tissue equilibration occurs 

rapidly and caffeine distributes into tissue in proportion to their 

water content. Caffeine is bound to plasma protein to a low degree, 

approximately 15% to 17% . The apparent volume of distribution of caffeine 

in man is approximately equal to total body water. Caffeine is exten

sively metabolized primarily in the liver to methylxanthines and methyl-

uric acid derivatives. The metabolism of caffeine is known to be 

influenced by many factors including age and the methylxanthine content 

of the diet. Caffeine is capable of inducing its own metabolism as 

well as the metabolism of other drugs. Approximately 1% of an admin

istered dose of caffeine is excreted unchanged in the urine; the 

remainder is excreted as metabolites. The half-life of caffeine is 

approximately 3.5 hours in adults, and is determined primarily by the 

rate of caffeine metabolism. 

Pharmacology and Toxicology 

Caffeine is a powerful central nervous system stimulant, and it 

has been employed therapeutically for this action. It exerts a weaker 

stimulation on cardiac muscle than either theophylline or theobromine. 

Caffeine dilates coronary, pulmonary, and general systemic blood ves

sels, as well as the smooth muscles of the bronchi. Caffeine 

constricts cerebral vasculature, decreasing blood flow and oxygen 

tension in the brain. Skeletal muscle stimulation and enhanced neuro

muscular transmission by caffeine may be due to the increased release 
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of acetylcholine. Caffeine is the least potent diuretic of the three 

major xanthines. Moderate doses of caffeine augment gastric secretions 

and cause an increase in basal metabolic rate. Caffeine causes 

hyperglycemia resulting from metabolic stimulation of lipolysis, 

glycogenolysis, and gluconeogenesis mediated by' the inhibition of 

phosphodiesterase and the accumulation of cyclic AMP (Ritchie, 1975). 

Large doses of caffeine given to laboratory animals produce 

convulsions, often resulting in death. Adverse reactions may be ob-

servered following the ingestion of 1 g or more of caffeine. The side 

effects primarily involve the central nervous system and include in

somnia, restlessness, excitement, and mild delerium. Tinnitus and 

ocular disturbances are not uncommon sensory alterations. Skeletal 

muscles become tense and tremulous. Extrasystoles and tachycardia 

are frequent, and respiratory rate is increased. A pronounced diur

etic effect may occur at higher doses (Ritchie, 1975). Excessive 

consumption of caffeine is usually prevented by the potent gastric 

irritation accompanying ingestion of the compound. Caffeine poisoning 

has been reported in an infant (Sullivan, 1977), and one fatality has 

been reported in which a 27 year old female ingested a minimum of 6.5 

g and possibly as much as 9 to 12 g of caffeine (Alstott, Miller and 

Forney, 1973). While caffeine was thought to be a contributing factor 

to deaths resulting from stroke and coronary heart disease, a recent 

study of total mortality, stroke mortality, and coronary heart disease 

mortality failed to demonstrate any correlation with the level of 

coffee intake (Heyden et al., 1978). 



CHAPTER 3 

EXPERIMENTAL MATERIALS AND METHODS 

In order to investigate the influence of vitamin C on the 

pharmacokinetics of caffeine in the elderly, a clinical project involv

ing ten men, age 66 to 86 years, was conducted over a 15-month period 

at the University of Arizona Health Sciences Center and College of 

Pharmacy. The design of the study is best conceptualized by dividing 

the project into three major phases, as follows: pre-clinical phase, 

clinical phase, and post-clinical phase. An outline of the study is 

presented in Appendix A. The pre-clinical phase included the identi

fication, screening, and selection of subjects. The clinical phase 

involved the administration of caffeine at three different times cor

responding to the three different levels of vitamin C intake. Each 

caffeine administration and the collection of blood and urine samples 

required hospitalization of the subjects for one day and will be re

ferred to as a kinetic trial (KT). The first kinetic trial (KT-1) was 

conducted following all preliminary screening procedures, but prior to 

any alteration in diet or intervention with supplemental vitamin C. 

The second kinetic trial (KT-2) was conducted approximately four weeks 

later, following a corresponding period of dietary vitamin C restric

tion. The third kinetic trial (KT-3) was conducted two weeks after 

KT-2, following a corresponding period of vitamin C supplementation. 

83 
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The details of the clinical phase will be presented in a subsequent 

section (see Protocol, p. 88). The post-clinical phase consisted of a 

discharge physical examination, a nutritional evaluation, and reim

bursement of the subjects for their participation in the study. A 

complete listing of apparatus and materials is presented in Appendicies 

B and C, respectively. 

Methods of Procedure 

Subjects 

Identification. Subject identification was accomplished in 

several ways. The directors of approximately 60 groups or organiza

tions in the Tucson, Arizona area, having a membership consisting 

predominantly of individuals over 65 years old, were contacted by tele

phone. The purpose of the study was explained and the various directors 

were asked if they would like to host a short presentation of the pro

ject. A description of the study and a brief response form was then 

sent to the directors along with a cover letter and a form letter 

explaining the study to potential volunteers. An invitation was ob

tained to speak at six local meetings, and the project was presented 

to approximately 500 individuals. In addition, a News Release was 

listed in several local newsletters that are specifically distributed 

to the elderly. Over a period of six months approximately 100 indi

viduals expressed a desire to be considered for the study. 

Preliminary Screening. The preliminary screening of prospec

tive subjects was accomplished using a Subject Identification 
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Questionnaire (Appendix D), which was sent or given to each interested 

individual along with a form letter explaining the study. Only males 

over age 65 years were considered for the study. All individuals re

turning the questionnaire were interviewed by telephone (Appendix E). 

Those men who were deemed to be unsuitable for the study were thanked 

and informed that they would be placed on a reserve status. The study 

was thoroughly explained to those men who responded negatively to all 

ten questions on the Subject Identification Questionnaire and expressed 

an interest in being considered as a potential volunteer,. Any ques

tions they may have had regarding the study were answered. They were 
! 

then asked a series of questions to verify the information they had 

reported on the questionnaire and to determine their ability to par

ticipate in the study. Of approximately 100 men expressing an 

interest in the study, over 60 appeared to be reasonably well qualified 

with respect to the restrictions of the study protocol. 

Nutritional Evaluation. Of the 60 men screened as potential 

subjects, 34 were contacted by telephone and an appointment was made 

for the nutritional evaluation. The evaluation was conducted, in part, 

by interviews in the prospective subject's home, requiring approxi

mately 60 to 90 minutes of subject contact. At this time a Dietary 

History (Appendix F) was taken, a Twenty-four Hour Recall of Food 

Intake (Appendix G) was recorded, and a Food Frequency Questionnaire 

(Appendix H) was filled out. Anthropometric measurements, including 

upper arm circumference and skin fold thickness were recorded. In 
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addition, a Three-rDay Record of Food Intake (Appendix I) was left with 

the subject to be completed and returned by mail. A Nutritional 

Evaluation Summary Sheet (Appendix J) was generated on each subject. 

An approximate daily vitamin C intake was calculated from the 

Dietary History, the Twenty-four Hour Recall of Food Intake, the Food 

Frequency Questionnaire and the Three-day Record of Food Intake. In 

addition to the nutritional information gained from the interview, a 

subjective confidence index or reliability factor was determined. This 

personal evaluation provided an estimate of how well the subject would 

comply with the study design restrictions and was based upon the in

dividual's presentation, his home situation, and the consistency of 

his response to the questions asked. The following criteria were 

used to exclude individuals on the basis of the nutritional evaluation: 

1. Any markedly obese individual (i.e., greater than 25% over 

ideal body weight for their age), 

2. Any markedly underweight individual (i.e., greater than 25% 

under ideal body weight for their age), 

3. Any individual using tobacco at present or within the past 

calendar year, 

4. Any individual consuming more than three cups (240 ml) of 

coffee or tea, or three glassesful (360 ml) of cola or other 

caffeine-containing beverages per day, 

5. Any individual consuming any alcohol or alcohol-containing 

products at present or within the past month, 

6. Any individual currently trying to gain or lose weight. 
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Of the 34 men interviewed, 14 were contacted and placed on a reserve 

status, and 20 were contacted and placed on an active status. 

Physical Examinations and Laboratory Tests. Of the 20 men sat

isfying the above criteria, 15 were contacted in September, 1979, and 

asked to attend a meeting at which the study was discussed. The po

tential volunteers were asked to read and sign a Lay Subject's Consent 

Form (Appendix K) and scheduled for a physical examination. If the 

physical examination was normal, the following laboratory tests were 

performed: 

Blood Chemistry 

Calcium, phosphorus, uric acid, glucose, BUN, cholesterol, 

albumin, total bilirubin, alkaline phosphatase, LDH, SCOT, 

serum creatinine, plasma vitamin C, whole blood vitamin C, 

and leukocyte vitamin C. 

Hematology 

Hematocrit, hemoglobin, ESR, WBC with differential count 

and platelet adequacy. 

Urinalysis 

Specific gravity, pH, albumin, sugar, sedimentation, 

microscopic examination, color, appearance, ketones, and 

occult blood. 

The following criteria were used to exclude individuals on the basis 

of the physical examination and laboratory tests: 

1. Any individual with a known history of drug allergy, 
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2. Any individual who required chronic medication or who had 

received barbiturates, phenytoin, or any other known enzyme-

inducing agent for a period of 30 days prior to the start of 

the study, 

3. Any individual with a significant organ abnormality or dis

ease, especially gastrointestinal, liver, or kidney disease, 

4. Any individual whose vital signs or laboratory parameters 

fell significantly outside the normal range for the laboratory 

doing the tests, 

5. Any individual currently taking prescription or over-the-

counter medication. 

Of the 15 men who were given the physical examination, ten men were 

selected and scheduled for the first kinetic trial. A brief discharge 

physical examination was conducted at the conclusion of the study at 

which time creatinine clearance was determined. 

Protocol 

Restrictions. Prior to hospitalization for KT-1 each subject 

was thoroughly acquainted with the restrictions required during the 

study. All subjects were encouraged to continue their normal consump

tion of caffeine-containing beverages up to a maximum of three cups of 

coffee or tea or three glasses of cola or other caffeine-containing 

beverages. A list of caffeine-containing beverages and foods was 

given to each subject. Seventy-two hours before each hospitalization 

the subjects were asked to eliminate totally their intake of caffeine-

containing beverages and foods. This restriction was discontinued 48 
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hours after the administration of caffeine during each kinetic trial. 

No consumption of tobacco products or alcoholic beverages was allowed 

during the study. No consumption of prescription or non-prescription 

medication was allowed, with the exception of an occasional analgesic 

or decongestant in one subject and the daily intake of two aspirin 

tablets in another. No charcoal-broiled foods were allowed during the 

study. The intake of vitamin C from food sources was limited to 15 mg 

per day beginning on the third day after the first kinetic trial. 

Three Food Lists (Appendix L) of Food Items Prohibited, Food Items 

Allowed as Desired, and Food Items to be Eaten in Controlled Amounts 

were generated from the U. S. Department of Agriculture, Home and 

Garden Bulletin No. 72 (Anon., 1970a) and distributed to the subjects. 

In addition, a copy of the Home and Garden Bulletin No. 72 (Anon., 

1970a) was given to each subject along with, a copy of six Sample Menus 

(Appendix M) demonstrating how to develop meals with low vitamin C 

content. All subjects were instructed to eat a light breakfast of 

toast and juice (.grape or apple) the morning of each kinetic trial. 

All subjects were encouraged to maintain their normal weight during 

the study. No vitamin supplements other than those provided during 

the study were allowed. Subjects were not permitted to engage in any 

strenuous activities, but were allowed to recline and sleep during the 

collection of blood samples. 

Written Instructions. Before the first hospitalization, each 

subject was given a sheet of Written Instructions (Appendix N) con

taining general guidelines and information about the required hospital 
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visits. The general guidelines contained a list of restrictions, 

recommended activity, and instructions regarding side effects and vita

min supplementation. Subjects were instructed to continue their normal 

activities and maintain consistent activity during each of the three 

kinetic trials. Any side effects experienced during the study were to 

be reported immediately. The instructions regarding vitamin supple

mentation will be discussed in the following section. Information 

regarding the hospital visits was discussed in great detail with each 

subject. Specific times and dates were outlined for all visits re

quired during and between each kinetic trial. Each subject was 

provided with a Three-day Record of Food Intake form (Appendix I) and 

instructed to complete the form for the three day period before each 

kinetic trial. All subjects were questioned repeatedly to ensure com

plete understanding of all restrictions, instructions, and required 

hospital visits. 

Vitamin Supplementation. Upon discharge from the hospital 

following KT-1, each subject was given a supply of high potency vita-

min-multimineral tablets (Centrum*5-, Lederle Laboratories Division, 

American Cyanamid Company, Pearl River, NY 10965) specially formulated 

for this study without vitamin C (Appendix 0). Subjects were instruc

ted to take one tablet by mouth each morning, beginning the third 

day after the first kinetic trial; the same day the vitamin C-restric-

ted diet was instituted. As a reminder to take the tablet, all 

subjects were provided with a calendar and asked to record the time 

each day that the Centrum^- tablet was taken. The exact supply 



required for daily consumption through the end of the study was dis

pensed, completely labeled with subject's name, date, instructions, and 

identification. Compliance was checked by a physical count of the 

tablets upon each subject's return to the hospital for the second and 

third kinetic trials. Administration of this vitamin-multimineral 

tablet was intended to provide an adequate supply of most essential 

vitamins and minerals except for vitamin C, so that any changes 

observed in each subject's ability to metabolize caffeine during the 

study would not be confounded by variations in these nutrients. Upon 

discharge from the hospital following KT-2, each subject was given a 

supply of orange-flavored, chewable, 250 mg vitamin C tablets (Vita

min C, Roche Chemical Division, Hoffmann-La Roche Inc., Nutley, NJ 

07110). Subjects were instructed to take two tablets (500 mg) by 

mouth each morning and evening, for a total of 1000 mg daily, begin

ning the third day after the second kinetic trial. Each subject was 

instructed to chew the tablets thoroughly prior to swallowing. The 

exact number of tablets required for two weeks of vitamin C supple

mentation was provided. Compliance was checked by a physical count 

upon the subject's return to the hospital for the third kinetic trial. 

Collaborative Arrangements. Prior to the hospitalization of 

any subjects the dietary staff at the University of Arizona Health 

Sciences Center was contacted and informed about the study. The 

dietary restrictions required for the study protocol were discussed, 

and planning for appropriate hospital meals (low in vitamin C and 

devoid of caffeine) was initiated. All necessary arrangements were 
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made with the hospital admissions and business personnel. Education 

of nursing staff was accomplished by individual orientation of nursing 

personnel at the time of each kinetic trial. Orientation of medical 

staff personnel was accomplished by informal presentation after the 

first kinetic trial, at which time a brief description of the study 

was distributed. 

Administration of Caffeine. Each kinetic trial required one 

day of hospitalization. All doses of caffeine were administered 

intravenously at approximately 9:00 a.m. for each of the three kin

etic trials. Caffeine and Sodium Benzoate Injection, U.S.P. (Eli 

Lilly and Company, Indianapolis, IN 46206) was obtained through local 

suppliers. Lot acceptance analysis at the time of manufacture indi

cated a caffeine concentration of 126 mg ml 1 (Label claim, 125 mg 

ml 1) for the lot with control number 3MJ90A, which was used for all 

of the caffeine administrations (Brickley, 1979). Upon admission, 

each subject was weighed and a heparin lock was placed in a forearm 

vein. A 4 mg kg 1 dose of caffeine (as caffeine and sodium benzoate) 

was diluted with approximately 30 ml Bacteriostatic Sodium Chloride 

Injection, U.S.P. (Abbott Laboratories, North Chicago, IL 60064) and 

administered over 20 to 30 minutes. The administration syringe was 

rinsed with an additional 15 ml of Bacteriostatic Sodium Chloride 

Injection, U.S.P., and then flushed through the lock to ensure admin

istration of the entire dose. Blood pressure and pulse rate were 

monitored before, during, and after the infusion. Blood pressure and 

pulse rate were also monitored at the time of each blood collection, 
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up to and including the 12-hour sample. Caffeine administration and 

all blood pressure and pulse rate monitoring were conducted with the 

subjects in a supine position. The limits for allowable blood pressure 

were 110 to 170 mm of mercury for systolic and 70 to 100 mm of mercury 

for diastolic. The limits for pulse rate were 50 to 120 beats per 

minute. If at any time during the infusion of caffeine the blood 

pressure or pulse rate was above or below these limits, the infusion 

was slowed until the value returned to the allowable range. All de

tails of each caffeine administration were recorded on a data record 

sheet (Appendix P). 

Collection and Handling of Blood Samples. Approximately 30 ml 

of blood was collected during each physical examination for vitamin C 

determinations and other laboratory tests. During each kinetic trial, 

individual 5 ml blood samples were withdrawn from the same heparin 

lock through which the caffeine was administered for caffeine deter

mination. A sample was collected before each dose of caffeine, and at 

the following times post-infusion: 0, 0.25, 0.5, 0.75, 1, 2, 4, 6, 9, 

.12, 15, 19, and 23 hours'. The heparin lock was then removed and in

dividual 5 ml samples were collected by venipuncture at times 30 and 

46 hours. Blood collection times for caffeine analysis were modified 

in some instances to facilitate collection from several subjects at 

the same time. In all cases the exact time of each sampling was noted 

on the collection tube and the data record sheet (Appendix P). An 

additional 15-20 ml blood sample was collected with the 23 hour caf

feine blood sample for vitamin C determination. All blood samples for 
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caffeine and vitamin C determination were collected into 10 ml hepar-

inized blood collection tubes (MonojectR Green Stopper, Sherwood 

Medical Industries, St. Louis, MO 63103). All samples collected from 

the heparin lock were drawn using a plastic syringe and immediately 

transferred to the blood collection tube. After each blood collection, 

the lock was flushed with approximately 0.5 ml of a heparin solution 

(Heparin Lock Flush Solution, U.S.P., 100 U.S.P. units per ml, 1.0 ml, 

Wyeth Laboratories Inc., Philadelphia, PA 19101). Before each blood 

sample was collected, approximately 1 ml of blood was withdrawn from 

the lock (using a separate syringe) and discarded to reduce dilution 

of the sample by the heparin flush solution. All venipuncture blood 

samples were collected directly into blood collection tubes using a 

transfer needle. All blood samples collected for caffeine determina

tion were centrifuged at 2000Xg for 15 minutes at 22° C within four 

hours after collection. Following centrifugation, the plasma super

natant was harvested, refrigerated immediately, frozen within 24 hours, 

and stored at -4° C for bulk assay within 30 days. Blood samples col

lected for vitamin C determination were processed for assay within two 

hours after collection. Additional blood samples for vitamin C deter

mination were collected at weekly intervals during the period of 

dietary vitamin C restriction and supplementation. 

Collection and Handling of Urine Samples. Prior to the admin

istration of caffeine, each subject was instructed to empty his 

bladder completely. A 20 ml urine aliquot was collected at this time 

for the determination of urine pH. Total urine collections were made 
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for two 24-hour periods following caffeine administration into standard 

2500 ml urine specimen storage containers. Urine samples were refrig

erated at 8° C to 10° C for a maximum of 48 hours after collection. 

Within 48 hours all total urine samples were accurately measured. A 

20 ml aliquot was taken, properly labeled, frozen, and stored at -4° C 

for bulk assay at the conclusion of the clinical phase of the study. 

In no instance did storage time exceed 60 days. 

Caffeine Assay 

Plasma Caffeine Determination (KT-1). The quantitation of the 

caffeine present in all plasma samples from KT-1 was accomplished by a 

reverse-phase high-performance liquid chromatographic (HPLC) technique 

developed by Blanchard, Mohammadi, and Conrad (1980). A high-perform

ance liquid chromatograph (Model 322, Altex Scientific Company, 

Berkeley, CA 94710) equipped with an Altex Model 210 injection valve 

and a variable wavelength detector (Model 100-30, Hitachi Scientific 

Instruments, Mountain View, CA 94040) was used for all caffeine deter

minations. The mobile phase consisted of a mixture of 0.01 M acetate 

buffer (pH 4.0):acetonitrile (85:15, v/v). A flow rate of 1.0 ml per 

minute was used. A Spherisorb-ODS 10 ym column, 4.6 mm X 250 mm (Altex 

Scientific Company, Berkeley, CA 94710), and a Co:Pell-0DS pre-

column (Whatman Inc., Clifton, NJ 07014) were used to effect the sep

aration. Peak areas and retention times were obtained using an 

Autolab Minigrator (Spectra-Physics, Santa Clara, CA 95051). Frozen 

plasma samples were thawed and allowed to equilibrate to room temp

erature. A 100 yl aliquot of plasma was precipitated with 100 yl of 



acetonitrile containing 10 yg ml 1 of g-hydroxypropyltheophylline 

(BHPT), the internal standard in a 0.5 ml polypropylene centrifuge tube. 

The mixture was vortexed for 20 seconds and centrifuged for five minutes 

at 12,800Xg. A 20 yl aliquot of the supernatant was injected into the 

chromatograph. Duplicate determinations were performed, and caffeine to 

BHPT peak-area ratios were calculated. If the two peak-area ratios were 

within 5% of each other, the arithmetic mean was calculated and used to 

determine the caffeine concentration. If duplicates varied by greater 

than 5%, a third injection was made. If the third peak-area ratio was 

within 5% of one of the first two values, the arithmetic mean of that 

pair was calculated and used to determine caffeine concentration. If 

no two peak-area ratios agreed to within 5%, the arithmetic mean of all 

three values was calculated and used to determine caffeine concentra

tions. Five calibration curves were prepared using plasma with caffeine 

concentrations in the range 0.5 to 20 yg ml ^see Table 3-1 and Figure 

3-1). Blanchard, Mohammadi, and Conrad (1980) have shown that the 

hypothesis of a zero intercept for the cumulative regression line 

describing their caffeine plasma assay was not rejected (F=0.05; 

df=l,33 ; p=0.821), indicating that the regression line did pass 

through the origin. The slope of the weighted cumulative least-squares 

regression line when fitted to the expression y=mx was used to cal

culate a conversion factor for the determination of caffeine plasma 

concentrations from the peak-area ratios for KT-1. The weighting 

factor employed was the reciprocal of the variance in y for a given x. 

All linear regressions for this assay and all subsequent assay analyses 



Table 3-1. Summary of calibration curves (n=5) for caffeine determination in plasma for 
the first kinetic trial3. 

Standard 
Curve 

Slope,m y-intercept ,b Coefficient 
of Determi
nation, r2 

Residual 
Sum of 
Squares 

Degrees 
of 

Freedom 

1 0.1226 0.0041 0.9947 0.00060 5 

2 .0.1295 -0.0024 0.9952 0.00061 5 

3 0.1287 0.0001 0.9986 0.00018 5 

4 0.1317 0.0010 0.9995 0.00006 5 

5 0.1294 -0.0010 0.9995 0.00006 5 

Ave rage, y=mx+b 0.1284 0.0004 0.9973 0.00204 33 

(95% confidence 
intervals) 

(0.1260, 
0.1308) 

(-0.0030, 
0.0038) 

Average, y=mx 0.1286 0.0 0.9973 0.00205 34 

(95% confidence 
intervals) 

(0.1267, 
0.1304 

3 
Using method of Blanchard, 
regression (Kim and Kohout 

Mohammadi, and Conrad 
, 1975). 

(1980) and a weighted least--squares linear 
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Figure 3*-l. Cumulative weighted least-squares linear regression of 
calibration curves (n=5) for caffeine determination in plasma for the 
first kinetic trial. — The method of Blanchard, Mohammadi and Conrad 
(.1980) was used for the determinations. The slope of the regression 
line is 0.1286 and the coefficient of determination is 0.9973. 
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were accomplished using the regression subprogram of the multiple re

gression analysis developed by Kim and Kohout (1975). The minimum 

detectable quantity of caffeine in a 100 yl plasma sample for this pro

cedure was observed to be 3 ng, resulting in a practical limit of 

_1 
sensitivity of 0.3 yg ml . Linearity was observed over the concentra-

— 1 2 
tion range 0.5 to 20 yg ml with coefficients of determination (r ) 

of 0.99 or greater. 

Plasma Caffeine Determination (KT-2 and KT-3). Between the 

assay of plasma samples from KT-1 and KT-2, it was determined that 

sodium benzoate and caffeine had identical retention times under the 

chromatographic conditions described above. To eliminate the possible 

co-elution of the two compounds and the potential confounding of the 

caffeine concentrations assigned to a given area ratio for all sam

ples yet to be assayed, a modification of the method described above 

was developed (Blanchard, Mohammadi, and Trang, 1981). In this pro

cedure the mobile phase consisted of a mixture of 0.01 M acetate buffer 

(pH 6.5):acetonitrile (91:9 v/v). A flow rate of 1.0 ml per minute 

was used. An Ultrasphere-ODS 5 ym column, 4.6 mm X 150 mm (Altex 

Scientific Company, Berkeley, CA 94710), and a Co:Pell-0DS pre-column 

were used to effect the separation. A 100 yl aliquot of plasma was 

precipitated with 40 yl of sodium tungstate solution (10% w/v) con

taining 25 yg ml 1 of BHPT as an internal standard and 60 yl of 0.5 N 

sulfuric acid. The high-performance liquid chromatographic system 

described above was used for these determinations. All other pro

cedures were identical to those described above. Five new calibration 
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curves were prepared using plasma (see Table 3-2 and Figure 3T2). A 

Hartley Test (Neter and Wasserman, 1974) was used to test for hetero-

scedasticity at the 0.05 level of significance for these data and all 

subsequent caffeine and vitamin C calibration curves. The data were 

found to be heteroscedastic (H=1199.42; df=7,5; p<0.05), and a weighted 

cumulative least-squares regression was used. The weighting factor 

used was the reciprocal of the variance in y for a given x. The 

hypothesis of a zero intercept for these data was not rejected (F=1.12; 

df=l,33; p=0.298), and a conversion factor based upon the slope of the 

weighted cumulative regression line when fitted to the expression y=mx 

was used to calculate caffeine plasma concentrations for KT-2 and KT-3. 

As in the above procedure, linearity over the concentration range 0.5 

to 20 yg ml 1 was observed, with coefficients of determination (r2) 

of 0.99 or greater. 

Comparison of Both Methods. Upon completing the assay of all 

plasma caffeine samples from all three kinetic trials, three sets of 

samples from KT-1, one set of samples from KT-2, and one set of sam

ples from KT-3 were assayed by both chromatographic procedures 

simultaneously (one set per day) to determine whether sodium benzoate 

interfered with the caffeine assay used for KT-1 (see Table 3-3). In 

all but one instance the caffeine concentrations determined by the 

modified method (Blanchard, Mohammadi, and Trang, 1981) in which the 

caffeine and sodium benzoate peaks were resolved, were slightly greater 

than the caffeine concentrations determined by the original method of 

Blanchard, Mohammadi, and Conrad (1980). This indicated that the 



Table 3-2. Summary of calibration curves (n=5) for caffeine determination in plasma for 
the second and third kinetic trials . 

Standard 
Curve 

Slope,m y-intercept,b Coefficient 
of Determi
nation,r2 

Residual 
Sum of 
Squares 

Degrees 
of 

Freedom 

1 0.1105 0.0038 0.9933 0.00067 5 

2 0.1189 -0.0118 0.9924 0.00088 5 

3 0.1139 -0.0070 0.9982 0.00019 5 

4 0.1158 -0.0170 0.9950 0.00055 5 

5 0.1040 -0.0115 0.9978 0.00019 5 

Average, y=mx+b 0.1126 -0.0041 0.9930 0.00434 33 

(95% confidence 
intervals) 

(0.1093, 
0.1160) 

(-0.0120, 
0.0038) 

Average, y=mx 0.1111 0.0 0.9928 0.00449 34 

(95% confidence 
intervals) 

(0.1094, 
0.1128) 

Si 
Using modified method of Blanchard, Mohammadi, and Trang (1981) and a weighted least-
squares linear regression (Kim and Kohout, 1975). 
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Figure 3-2. Cumulative weighted least-^squares linear regression of 
calibration curves (n=5) for caffeine determination in plasma for 
the second and third kinetic trials. The modified method of 
Blanchard, Mohammadi, and Trang (1981) was used for the determina^ 
tions. The slope of the regression line is 0,1111 and the coefficient 
of determination is 0.9928, 
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Table 3-3. Comparison of caffeine plasma determinations (n=21) 
using the original method of Blanchard, Mohammadi, and 
Conrad (1980) and the modified method of Blanchard, 
Mohammadi, and Trang (1981). 

Subject- Caffeine Plasma Concentration (pg ml 1) Percent 
trial, Original Corrected Modified Difference Difference 
Sample Method Original Me thod 

Method 
I IC II II-IC II-I ii J { II ' 

x 100 x 100 

SB-1, 7 4.11 4.45 4.65 0.20 0.54 4.3 11.6 

SB-1, 8 3.25 3.52 3.82 0.30 0.57 7.9 14.9 

SB-1, 9 2.56 2.77 2.68 -0.09 0.12 -3.4 4.5 

SB-1, 11 1.29 1.40 1.87 0.47 0.58 25.1 31.0 

MG-1, 5 6.80 7.36 6.99 -0.37 0.19 -5.3 2.7 

MG-1, 7 3.31 3.58 3.60 0P02 0.29 0.6 8.1 

MG-9, 1 1.52 1.65 1.73 0.08 0.21 4.6 12.1 

SW-1, 5 8.31 9.00 9.14 0.14 0.83 1.5 9.1 

SW-1, 7 5.40 5.85 5.42 -0.43 0.02 -7.9 0.4 

SW-1, 9 3.79 4.10 4.23 0.13 0.44 3.1 10.4 

SW-1, 11 2.27 2.46 2.60 0.14 0.33 5.4 12.7 

SW-1, 13 1.37 1.48 1.31 -0.17 -0.06 -13.0 -4.6 

MG-2, 5 6.02 6.52 6.54 0.02 0.52 0.3 8.0 

MG-2, 6 5.46 5.91 5.64 -0.27 0.18 -4.8 3.2 

MG-2, 7 3.36 3.64 4.05 0.41 0.69 10.1 17.0 

MG-2, 8 2.44 2.64 2.75 0.11 0.31 4.0 11.3 

EB-3, 5 6.24 6.76 6.52 -0.24 0.28 -3.7 4.3 

EB-3, 6 5.26 5.70 5.94 0.24 0.68 4.0 11.4 

EB-3, 7 3.18 3.44 3.51 0.07 0.33 2.0 9.4 

EB-3, 8 2.20 2.38 2.58 0.20 0.38 7.8 14.7 

EB-3, 9 1.23 1.33 1.36 0.03 0.13 2.2 9.6 

Average 3.78 4.09 4.14 0.05 0.36 2.1 9.6 

S.D. 2.01 2.18 2.10 0.24 0.23 7.7 7.2 
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amount of sodium benzoate present in the plasma samples at the time of 

assay apparently was insufficient to interfere with the quantitation 

of caffeine. If sodium benzoate was present in the plasma samples from 

KT-1 to a significant degree, one would have expected to see larger 

peak-area ratios using the original method of Blanchard, Mohammadi, and 

Conrad (1980) and correspondingly greater apparent plasma caffeine 

concentrations. Since this was not evident, it appeared that the 

caffeine plasma concentrations for KT-1 were accurate and that no inter

ference from sodium benzoate had occurred. The HPLC chromatograms 

of several subjects' plasma samples assayed by the modified method 

were examined, and no identifiable peaks of a size substantially 

greater than baseline detector noise level in the region (5.67 min) 

where sodium benzoate elutes using the modified method of Blanchard, 

Mohammadi, and Trang (1981) were found. The molar absorptivity 

of caffeine and sodium benzoate at 273 nm was determined in the 

mobile phases used for both HPLC methods. These results (see Table 

3-4) indicated that the amount of sodium benzoate present in the 

injectable preparation would have made a negligible contribution to 

the observed peak-area for caffeine at 273 nm. This is consistent 

with the finding that benzoic acid is rapidly metabolized by Phase II 

conjugation with both glucuronide and glycine (Wu and Elliott, 1961; 

Amsel and Levy, 1969). A plot of the values obtained using the 

original method (Blanchard, Mohammadi, and Conrad, 1980) versus 

the modified method (Blanchard, Mohammadi, and Trang, 1981) was 

then constructed (see Figure 3-3) in order to determine a suitable 

correction factor for converting between the two assay methods. 
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Table 3-4. Spectral characteristics of various species at 
273 nm in different mobile phases. 

Molar Absorptivity 

Method, 
Mobile Phase 

Sodium 
Caffeine Benzoate 

Original Method3, 9495c 796 
15% ACN:85% NaAc 
pH = 4.0 

Modified Method'3, 9495c 493 
9% ACN:91% NaAc 
pH = 6.5 

Method of Blanchard, Mohammadi, and Conrad (1980). 

^Method of Blanchard, Mohammadi, and Trang (1981). 

cEichman et al. (.1962) reported a value of 9560 at 272 nm. 
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CONCENTRATION BY METHOD H,yu.g m r i 

Figure 3-3. Relationship hetween caffeine plasma determinations 
(n=211 using the original method (METHOD I) of Blanchard, Mohammadi, 
and Conrad (1980) and the modified method (METHOD II) of Blanchard, 
Mohammadi, and Trang (1981). — The slope of the regression line is 
1.0829 and the coefficient of determination is 0.9865. Each data 
point represents the average of duplicate determinations. 



107 

Unweighted least-squares linear regressions of the data for both y=mx 

and y=mx+b were conducted. The hypothesis of a zero intercept was not 

rejected (F=4.174; df=l,19; p=0.055), and all of the caffeine plasma 

concentrations from KT-1 determined by the original method were cor

rected using the following regression equation: 

Urinary Caffeine Determination. A solvent extraction method 

developed by Blanchard, Mohammadi, and Conrad (1980) was used to sep

arate caffeine from all urine samples prior to quantitation. Urine 

samples were thawed and allowed to equilibrate to room temperature. 

The pH was determined and a 100 yl aliquot of urine was placed in a 

1.5 ml polypropylene centrifuge tube to which 50 yl of 0.3 M monobasic 

sodium phosphate (pH 4.6) and 500 yl of chloroform:isopropanol (95:5 

v/v) containing 2.5 yg ml 1 of BHPT were added. The mixture was 

vortexed for 30 seconds and centrifuged at 12,800Xg for five minutes. 

The upper layer was aspirated and 400 yl of the chloroform layer was 

transferred to another test tube. The chloroform was evaporated under 

a stream of dry nitrogen, and the residue was redissolved in 100 yl of 

mobile phase. As before, 20 yl aliquots were injected into the chrom-

atograph using the injection loop. All urine samples were assayed 

using the modified chromatographic method described earlier for the 

determination of caffeine in plasma samples from KT-2 and KT-3 

(Blanchard, Mohammadi, and Trang, 1981). Three calibration curves 

corrected value 
for the original 
method 

value determined 
1.0892 X by the original 

method (3-1) 
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were prepared using urine (see Table 3-5 and Figure 3-4). The data 

for these three calibration curves were found to be non-heteroscedastic 

(H=24.25; df=5,3; N.S.)> and an unweighted cumulative least-squares 

linear regression was used. The hypothesis of a zero intercept was 

not rejected (F=0.12; df=l,13; p=0.736), and a conversion factor based 

upon the slope of the unweighted cumulative regression line when 

fitted to the expression y=mx was used to calculate all caffeine 

concentrations in urine. 

Caffeine Metabolite Determination. In the method developed by 

Blanchard, Mohammadi, and Conrad (1980) chromatographic conditions were 

optimized to separate caffeine and the internal standard (BHPT) from 

12 potential caffeine metabolites and endogenous compounds. The re

tention times and retention times relative to BHPT are presented in 

Table 3-6. These same data are presented in Table 3-7 for the modi

fied method (Blanchard, Mohammadi, and Trang, 1981) developed to 

separate caffeine and sodium benzoate. For both methods the identity 

and retention times of all peaks were determined by averaging trip

licate injections of each compound chromatographed separately. Since 

both methods were developed primarily to quantitate caffeine present 

in biologic fluids, chromatographic conditions were optimized for this 

purpose. It can be seen from Tables 3-6 and 3-7 that several pairs of 

potential metabolites have identical or nearly identical retention 

times using either chromatographic method and that many of the more 

polar compounds elute very rapidly, making quantitation under these 

conditions difficult. 



Table 3-5. Summary of calibration curves (n=3) for caffeine determination in urine for 
all kinetic trials . 

Standard Slope,m y-intercept,b Coefficient Residual Degrees 
Curve of Determi- Sum of of 

nation,r2 Squares Freedom 

1 0.0928 -0.0016 0.9990 0.00038 3 

2 0.0915 -0.0054 0.9965 0.00132 3 

3 0.1021 0.0225 0.9995 0.00022 3 

Averagej y=mx+b 0.0995 0.0052 0.9882 0.01978 13 

(95% confidence 
intervals) 

(0.0892, 
0.1017) 

(-0.0271, 
0.0374) 

Average, y=mx 0.0962 0.0 0.9880 0.01996 14 

(95% confidence 
intervals) 

(0.0922, 
0.1003) 

Using modified method of Blanchard, Mohammadi, and Trang (1981) and an unweighted least-
squares linear regression (Kim and Kohout, 1975). 
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Figure 3-4. Cumulative unweighted least-squares linear regression of 
calibration curves (n=3) for caffeine determination in urine for all 
kinetic trials. *— The modified method of Blanchard, Mohammadi, and 
Trang (1981) was used for the determinations. The slope of the 
regression line is 0.0962 and the coefficient of determination is 
0.9880. 
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Table 3-6. Retention times for xanthines, potential metabolites, 
and some endogenous compounds using the original 
method of Blanchard, Mohammadi, and Conrad (1980). 

Compound Retention Relative 
Time, min Retention 

Uric Acid 2.88 0.36 

Xanthine 3.04 0.38 

Hypoxanthine 3.08 0.39 

7-Methyluric Acid 3.45 0.43 

1-Methyluric Acid 3.51 0.44 

3-Methylxanthine 3.66 0.46 

1,3-Dimethyluric Acid 3.83 0.48 

7-Me thylxanth ine 3.97 0.50 

1-Methylxanthine 4.26 0.53 

t 

Theobromine 4.78 0.60 

Theophylline 5.76 ' 0.72 

Paraxanthine 5.96 0.75 

B-Hydroxypropyltheophylline 7.98 1.00 

Caffeine 10.09 1.26 

Sodium Benzoate 10.09 1.26 

0 Retention time relative to that of S-hydroxypropyltheophylline 
(internal standard). 
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Table 3-7. Retention times for xanthines, potential metabolites, 
and some endogenous compounds using the modified 
method of Blanchard, Mohammadi, and Trang (1981). 

Compound Retention 
Time, min 

Relative 
cL 

Retention 

Uric Acid 1.02 0.11 

7-Methyluric Acid 1.06 0.12 

1-Methyluric Acid 1.12 0.13 

Hypoxanthine 1.32 0.15 

Xanthine 1.35 0.15 

1,3-Dimethyluric Acid 1.47 0.16 

7-Methylxanthine 1.75 0.19 

3-Methylxanthine 1.84 0.20 

1-Methylxanthine 2.00 0.22 

Theobromine 2.60 0.29 

Paraxanthine 3.85 0.43 

Theophylline 3.85 0.43 

Sodium Benzoate 5.67 0.63 

Caffeine 7.53 0.84 

3-Hydroxypropyltheophylline 9.02 1.00 

aRetention time relative to that of g-Hydroxypropyltheophylline 
(internal standard). 
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Vitamin C Assay 

Sample Preparation for Plasma Vitamin C Assay. For plasma 

vitamin C determination approximately 8 to 10 ml of fresh whole blood 

was centrifuged at 1800Xg for ten minutes at 22° C. Four 1.0 ml plasma 

aliquots were harvested and pipetted into separate 6 ml disposable 

glass tubes. To each aliquot 1.0 ml of freshly prepared cold tri

chloroacetic acid (TCA, 5% w/v) was added to precipitate proteins, 

inactivate enzymes which oxidize vitamin C, and create the required 

acid milieu for the analysis. All tubes were vortexed for 30 seconds, 

placed on ice for ten minutes, and then centrifuged at 1800Xg for ten 

minutes. Following centrifugation, a 1.0 ml volume of supernatant from 

each tube was pipetted into a clean 6 ml disposable glass tube and the 

proteinaceous precipitate discarded. Formation of a colored deriva

tive and spectrophotometry determination of vitamin C content is 

discussed in a subsequent paragraph (see Vitamin C Determination, 

p. 115). 

Sample Preparation for Whole Blood Vitamin C Assay. For whole 

blood vitamin C determination, approximately 6 ml of fresh whole blood 

was transferred to a Potter-Elvehjem glass hand-held homogenizer and 

homogenized at 150 revolutions per minute for five minutes. Four 1.0 

ml aliquots of homogenized whole blood were pipetted into separate 

6 ml disposable glass tubes. To each aliquot 2.0 ml of freshly pre

pared 5% w/v TCA was added. All tubes were vortexed for 30 seconds, 

placed on ice for ten minutes, and centrifuged at 1800Xg for ten min

utes. Following centrifugation, a 1.0 ml volume of supernatant from 
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each tube was pipetted into a clean disposable glass tube and the pro-

teinaceous precipitate discarded. Vitamin C content was determined by 

the spectophotometric method discussed in a subsequent paragraph (see 

Vitamin C Determination, p. 115). 

Sample Preparation for Leukocyte Vitamin C Assay. Samples for 

leukocyte, or buffy coat, vitamin C determination were prepared by a 

modification of the method of Marchand and Pelletier (1977). Two 5.0 

ml aliquots of fresh whole blood were mixed with 0.5 ml of isotonic 

methyl cellulose solution (2% w/v in 0.9% w/v, NaCl) by capping the 

tubes with a rubber stopper and gently inverting ten times. The tubes 

were allowed to sit for 20 to 30 minutes, or until 2.0 ml of supernat

ant could be aspirated. The 2.0 ml aliquots of plasma, containing 

leukocytes and platelets, were then placed in 12 ml graduated centri

fuge tubes, and sodium chloride solution (0.9% w/v) was added up to 

the 12.0 ml mark in each tube. After capping and gently inverting 

five times, a 0.5 ml aliquot was taken from each tube for a manual leuko

cyte count using a hemacytometer (American Optical Corporation, Buffalo, 

NY 14215). The number of leukocytes per sample tube was determined 

by calculating the average number of leukocytes per 0.1 mm3 in four 

separate grids of the hemacytometer and making the following calcula

tion: 

number of 
leukocytes = count per 0.1 mm3 X 10 X 103 X 11.5 
per sample (.3-2), 

where the multiplication by 10 converts to mm3 and the multiplication 
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by 103 converts to cm3. The multiplication by 11.5 gives the total 

number of leukocytes present in the 11.5 ml of diluted sample remain

ing in the tube after the removal of 0.5 ml for leukocyte counting. 

Each tube was then centrifuged at 1800Xg for 20 minutes, and the super

natant was discarded. Tubes were inverted and allowed to drain for 

five minutes, after which the rims were wiped dry. Homogenization of 

the leukocyte pellet was accomplished by using a metal spatula that 

had been shaped to fit the conical centrifuge tube and vortexing the 

tube while rotating the spatula for two minutes. During the homogeni

zation process, three 0.5 ml aliquots of fresh cold 5% w/v TCA were 

added to each tube to produce a final volume of 1.6 ml. Each tube was 

then placed on ice for ten minutes, and centrifuged at 1800Xg for ten 

minutes. A 1.0 ml volume of supernatant from each tube was pipetted 

into a clean disposable glass tube and the proteinaceous precipitate 

and cellular constituents discarded. Vitamin C content was determined 

by the spectrophotometry method discussed in the following paragraph. 

To prevent adhesion of platelets and leukocytes, all glassware used in 

the preparation of leukocyte vitamin C samples was silanized by soaking 

for 15 to 30 minutes in a mixture of dimethylsilane in toluene (5% 

v/v), rinsing with toluene, and oven-drying at 50° C for 30 to 60 

minutes. 

Vitamin C Determination. Vitamin C content in all biologic 

samples was determined by a modification of the spectrophotometry 

procedure of Baker and Frank (1968) involving the formation of a col

ored osazone derivative. This procedure quantitates vitamin C, 
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dehydroascorbic acid, and 2,3-diketogulonic acid. The reaction depends 

upon the oxidation of both vitamin C and dehydroascorbic acid to 2,3-

diketogulonic acid with 2,6-dichoroindophenol, followed by the coupling 

of 2,4-dinitrophenylhydrazine to the keto groups of C-2 and C-3 to form 

a bis-2,4-dinitrophenylhydrazone (Baker and Frank, 1968). This is im

portant, since vitamin C is a relatively unstable compound that is 

readily oxidized to dehydroascorbic acid in aqueous solutions (Anon., 

1976a). For those assays which only measure reduced vitamin C, the 

stability and handling of samples becomes a critical concern. A grat

ing spectrophotometer (Model DB-G, Beckman Instruments, Inc., Irvine, 

CA 92713) was used to measure absorbance at 520 nm in 1 cm cuvettes. 

To all 1.0 ml TCA supernatants 50 yl of 2,6-dichloroindophenol (DCIP, 

0.1% w/v) was added and mixed by vortexing for 20 seconds to promote 

the formation of a colored derivative. Three of the four tubes from 

both the plasma and whole blood sample preparation procedures were 

designated as samples (e.g., P-l, P-2, and P-3 for plasma and WB-1, 

WB-2, and WB-3 for whole blood). The fourth tube from each set was 

labeled as a blank (e.g., P-B and WB-B). Both tubes from the leuko

cyte sample preparation procedures were labeled as samples (e.g., 

WBC-1 and WBC-2) . One ml of reagent TCA (.5% w/v) was pipetted into a 

6 ml disposable glass tube to serve as a blank (e.g., WBC-B). To all 

sample tubes 250 yl of freshly prepared DT-mix (2,4-dinitrophenyl

hydrazine, 2.0% w/v and thiourea, 1.0% w/v in 9N H2SO4) was added and 

vortex mixed. No blank tubes (e.g., P-B, WB-B, or WBC-B) were treated 

with DT-mix at this time. All tubes were incubated in a 60° C water 
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bath for one hour. Following removal from the water bath all tubes 

were cooled on ice and 250 yl of DT-mix was added to all blank tubes. 

While samples and blanks remained on ice, 1.0 ml of sulfuric acid (H2 

SO^, 85% w/v) was added slowly over a two minute period to all tubes 

and each tube was vortex mixed. It is important to add the 

slowly, since rapid addition would elevate the temperature of the 

solution excessively and potentially result in a charring of sugars, 

thus falsely elevating the values read (Roe and Kuether, 1943). All 

tubes were removed from ice and set aside for 30 to 60 minutes to 

allow for color development. After approximately one hour the con

tents of each tube were transferred to a disposable polystyrene cuvette 

(10 X 10 X 45 mm, 4.5 ml) and the absorbance read against the appro

priate blank at 520 nm. For plasma and whole blood vitamin C determin

ation, triplicate assay values were averaged, unless only two of the 

three values were within 5% of each other, in which case only the two 

duplicate samples in close agreement were averaged. In all cases the 

final leukocyte vitamin C concentration of duplicate samples was 

averaged. 

Plasma and Whole Blood Vitamin C Calibration Curves. Calibra

tion curves for plasma, whole blood, and leukocyte vitamin C deter

minations were prepared over a period of several months, before and 

after the clinical phase of the study, in biologic fluids from two 

individuals and in reagent TCA (5% w/v). Five calibration curves 

were prepared using plasma with vitamin C concentrations in the range 

of 0.25 to 2.0 mg % (see Table 3-8 and Figure 3-5). A working 



Table 3-8. Summary of calibration curves (n=5) for vitamin C determination in plasma 
for all kinetic trials . 

Standard 
Curve 

Slope,m y-intercept,b Coefficient 
of Determi
nation, r2 

Residual 
Sum of 
Squares 

Degrees 
of 

Freedom 

1 0.2508 0.0085 0.9916 0.00082 3 

2 0.2422 0.0185 0.9963 0.00033 3 

3 0.2576 0.0156 0.9958 0.00043 3 

4 0.2497 0.0351 0.9944 0.00054 3 

5 0.2523 0.0181 0.9921 0.00078 3 

Average, y=mx+b 0.2505 0.0192 0.9918 0.00533 25 

(95% confidence 
intervals) 

(0.2407, 
0.2604) 

(0.0071, 
0.0313) 

Average, y=mx 0.2638 0.0 0.9879 0.00783 24 

(95% confidence 
intervals) 

(0.2578, 
0.2699) 

£ 
Using modified method of Baker and Frank (1968) and an unweighted least-squares linear 
regression (Kim and Kohout, 1975). 
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Figure 3-5. Cumulative unweighted least-squares linear regression of 
calibration curves (ji—5) for vitamin C determination in plasma for 
all kinetic trials. — The slope of the regression line is 0.2505 
and the y-intercept is 0.0192. The coefficient of determination is 
0.9918. 
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solution of vitamin C (10.0 mg %) in 5% TCA was diluted with 5% w/v 

TCA to the appropriate final concentrations of vitamin C and used to 

precipitate five plasma samples. A sixth plasma sample was precipi

tated with 5% w/v TCA, to which no vitamin C was added, and used as a 

blank. The data for the plasma vitamin C calibration curves were 

found to be non-heteroscedastic (H=13.80; df=5,5; N.S.), and an un

weighted cumulative regression was used. The hypothesis test for a 

zero intercept was rejected (F=10.77; df=l,23; p=0.003), and the ex

pression y=mx+b was used to determine plasma vitamin C concentrations 

based upon the unweighted cumulative least-squares linear regression 

of the data. Five calibration curves were prepared using homogenized 

whole blood with vitamin C concentrations in the range of 0.25 to 

2.0 mg % (see Table 3-9 and Figure 3-6). A working solution of vita

min C (10.0 mg %) in 5% w/v TCA was diluted with 5% w/v TCA to the 

appropriate final concentrations of vitamin C and used to precipitate 

five homogenized whole blood samples. A sixth homogenized whole blood 

sample was precipitated with 5% w/v TCA, to which no vitamin C was 

added, and used as a blank. The data for the whole blood vitamin C 

calibration curves were found to be non-heteroscedastic (H=2.71; df= 

5,5; N.S.), and the hypothesis test for a zero intercept was rejected 

(F=16.12j df=l,23; p=0.001). Whole blood vitamin C concentrations 

were calculated using the expression y=mx+b for the unweighted 

cumulative least-squares linear regression of the data. 



Table 3-9. Siimmary of calibration curves (n=5) for vitamin C determination in whole 
blood for all kinetic trials . 

Standard 
Curve 

Slope,m y-intercept,b Coefficient 
of Determi
nation, r2 

Residual 
Sum of 
Squares 

Degrees 
of 

Freedom 

1 0.1726 0.0242 0.9915 0.00039 3 

2 0.1724 0.0305 0.9916 0.00039 3 

3 0.1727 0.0071 0.9997 0.00002 3 

4 0.1789 0.0054 0.9973 0.00013 3 

5 0.1718 0.0380 0.9963 0.00017 3 

Average, y=mx+b 0.1737 0.0211 0.9864 0.00428 23 

(95% confidence 
intervals) 

(0.1649, 
0.1825) 

(0.0102, 
0.0319) 

Average, y=mx 0.1883 0.0 0.9768 0.00728 24 

(95% confidence 
intervals) 

(0.1825, 
0.1942) 

^sing modified method of Baker and Frank (1968) and an unweighted least-squares linear 
regression (Kim and Kohout, 1975). 
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Figure 3-6. Cumulative unweighted least-squares linear regression of 
calibration curves (n=5) for vitamin C determination in whole blood 
for all kinetic trials. — The slope of the regression line is 0.1737 
and the y-intercept is 0.0211. The coefficient of determination is 
0.9864. 
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Leukocyte Vitamin C Calibration Curves. Five calibration 

curves prepared using 5% TCA reagent with vitamin C concentrations in 

the range 0.125 to 1.0 mg % (see Table 3-10 and Figure 3-7). A work

ing solution of vitamin C (10.0 mg %) in 5% w/v TCA was diluted to the 

appropriate concentrations with 5% w/v TCA. A solution of 5% w/v TCA 

to which no vitamin C was added was used as a blank. The data from 

these calibration curves were found to be hereroscedastic (H=29.82; 

df=5,5; p<0.05) and the hypothesis for a zero intercept was not re

jected (F=0.17; df=l,23; p=0.696). The expression y=mx was used to 

determine leukocyte vitamin C concentrations based upon the weighted 

cumulative least-squares linear regression of the data. The weighting 

factor used was the reciprocal of the variance in y for a given x. 

The final leukocyte vitamin C concentration was determined using the 

following equation: 

yg vitamin C 
leukocyte per ml of 1.6 ml of 
vitamin C _ supernatant X supernatant X 108 (3-3) 
concentration number of leukocytes per sample 

where 1.6 ml was the final supernatant volume after homogenization 

and precipitation of the leukocyte pellet, and the number of leukocytes 

per sample was determined using equation (3-2). Multiplication by 108 

accounts for the large number of luekocytes present per sample (i.e., 

about 107) and results in a leukocyte vitamin C concentration expressed 

8 _ 1 
in pg(10 WBC) , which is common for this determination (Marchand and 

Pelletier, 1977). Each leukocyte sample vitamin C concentration cor

responded to the particular leukocyte count for that sample. 



Table 3-10. Summary of calibration curves (n=5) for vitamin C determination in 
leukocytes for all kinetic trials . 

Standard 
Curve 

Slope,m y-intercept,b Coefficient 
of Determi
nation, r 2 

Residual 
Sum of 
Squares 

Degrees 
of 

Freedom 

1 0.4810 0.0047 0.9995 0.00002 3 

2 0.5173 -0.0133 0.9996 0.00002 3 

3 0.4868 -0.0010 0.9950 0.00020 3 

4 0.4680 0.0092 0.9853 0.00053 3 

5 0.5175 0.0084 0.9984 0.00007 3 

Average, y=mx+b 0.4941 0.0016 0.9898 0.00272 23 

(95% confidence 
intervals) 

(0.4725, 
0.5157) 

(-0.0068, 
0.0100) 

Average, y=mx 0.4976 0.0 0.9898 0.00274 24 

(95% confidence 
intervals) 

(0.4863, 
0.5090) 

^sing modified method of Baker and Frank (1968) and a weighted least-squares linear 
regression (Kim and Kohout, 1975). 
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Figure 3-7. Cumulative weighted least-squares linear regression of 
calibration curves (n=5) for vitamin C determination in leukocytes 
for all kinetic trials. — The slope of the regression line is 
0.4976 and the coefficient of determination is 0.9898. 
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Normal Plasma, Whole Blood, and Leukocyte Vitamin C Values. 

The normal range for plasma vitamin C using the method of Baker and 

Frank (1968) is 0.4 to 1.5 mg %. Other investigators using a similar 

procedure have reported normal serum, plasma, and whole blood vitamin 

C concentrations to be approximately 0.5 to 2.0 mg % (Annino and 

Geise, 1976). Although a normal range for whole blood vitamin C con

centrations has not been reported for the method of Baker and Frank 

(1968), these authors indicated that whole blood values are slightly 

higher than plasma values, when tissues are saturated with vitamin C. 

Based upon this observation, a range of 0.5 to 1.6 mg % will be con

sidered to be the normal range for whole blood vitamin C concentrations 

using this assay. Considerable variability exists in the normal range 

for leukocyte vitamin C concentration depending upon the procedure 

used for the determination. Denson and Bowers (1961) indicated a 

normal range of 20 to50yg(108 WBC) 1 using a dinitrophenylhydrazine 

method. Attwood et al. (1974) reported a mean leukocyte vitamin C 

level of 21.0 ± 12.8 pg(108 WBC) 1 for normal males using a dinitro

phenylhydrazine method. Marchand and Pelletier (1977) found a mean 

leukocyte vitamin C concentration of 30.0 yg(108 WBC) 1 with a range 

of 7.4 to 52.6 yg(108 WBC) 1 in 125 blood samples collected over a six-

month period from a group of 21 males and six females aged 23 to 55. 

These authors indicated that there is no general consensus about the 

lower limit for leukocyte vitamin C and that a value of 20 yg(108 

WBC) 1 has often been used, but that values as low as 15 and as high 

as 24 have been proposed. Based upon these observations, a range of 
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15 to 35 yg(108 WBC)-1 will be considered normal for this method. The 

normal range for leukocyte counts in healthy adults is 4,000 to 10,000 

WBC(mm3)-1 of whole blood (Finley, 1980). 

Treatment of Data 

Measured data of interest collected during this study can be 

categorized into the following subtopics: demographic data, vitamin 

C data, and caffeine data. In addition to these three general areas a 

fourth subtopic will be presented in this section dealing with the 

null hypotheses to be tested and the statistical tools employed. 

Demographic Data 

Demographic data of interest included: age, height, weight, 

upper arm circumference (UAC) and skin fold thickness (SFT), dietary 

vitamin C intake, creatinine clearance (CrCl), and blood urea nitro

gen (BUN). From the upper arm circumference and skin fold thickness 

the upper arm muscle area (AMA) was determined using a nomogram devel

oped by Gurney and Jelliffe (1973). The upper arm area (UAA) was 

calculated from the UAC, and the upper arm fat area (AFA) was calcu

lated by difference (e.g., UAA - AMA = AFA). Individual subject 

weight was compared to average weights for males age 60 to 69 years 

(Anon., 1970b). Anthropometric findings (i.e., UAC, UAA, SFT, and 

AMA) were compared by percentile to males age 34.5 to 44.5 (Frisancho, 

1974). The AFA was expressed as a percent of the UAA. Of the observed 

and calculated parameters, the only ones requiring statistical 
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treatment, other than the computation of a mean and standard deviation, 

are the weight and the dietary vitamin C intake (see Null Hypotheses 

To Be Tested, p. 133). 

Vitamin C Data 

Plasma, whole blood, and leukocyte vitamin C values were tabu

lated and several computer files were generated. Leukocyte counts, 

expressed in WBC(mm3)-1 of whole blood, were determined using the fol- ( 

lowing equation: 

leukocyte 
count = cjount per 0.1 mm3 X 10 X _!£. (3-4) 

5 

where multiplication by 10 converts to mm3 and multiplication by 12 
5 

converts the number of leukocytes present in the 12 ml diluted plasma 

supernatant sample to the number of leukocytes present in the original 

5 ml whole blood sample (see Sample Preparation for Leukocyte Vitamin 

C Assay, p. 114). Since leukocyte vitamin C concentration is inversely 

correlated to the total leukocyte count (Loh and Wilson, 1971b), a 

transformation was performed on each individual leukocyte concentra

tion, adjusting or normalizing it to a leukocyte count of 4,000 WBC 

(mm3)-1 using the following equation: 

normalized observed observed 
leukocyte = leukocyte x leukocyte 4" 4,000 
concentration concentration count (3-5). 

A leukocyte count of 4,000 WBC(mm3) 1 was selected as an approximate 

mean leukocyte count observed in the determination of leukocyte vitamin 
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C concentrations during the study. The leukocyte count and normalized 

leukocyte concentration for each- corresponding observed leukocyte vita

min C concentration were also tabulated and stored on computer files 

for statistical evaluation (see Null Hypotheses To Be Tested, p. 133). 

Caffeine Data 

For each of the ten subjects and each of the three kinetic 

trials a set of caffeine plasma concentration versus time data was 

obtained consisting of up to 16 timed samples. In addition, three 

caffeine urine concentrations were obtained corresponding to a blank, 

a 0-23 hour, and a 23-47 hour urine collection. From each set of plasma 

caffeine data, a semilogarithmic plot of plasma caffeine concentration 

versus time was made. Prior to the computer analysis of all 30 data 

sets using a non-linear regression technique, NONLIN (Metzler, Elfring, 

and McEwen, 1974), three sets of data were randomly selected and analyzed 

to determine the most appropriate weighting factor. Of the four possible 

weighting factors (1/y, 1/y2, and In y) the use of a logarithmic 

weighting consistently gave the best fit as evidenced by a non-systematic 

deviations from the fitted line plus the lowest unweighted residuals 

for the observed minus calculated values. 

Following visual inspection of all 30 data sets, it was apparent 

that a monoexponential or biexponential equation would be adequate to 

describe the data appropriately. All 30 data sets were then fited using 

NONLIN employing both a one-compartment and a two-compartment open 

model (Gibaldi and Perrier, 1975) using sample concentrations 
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collected from the 0.75 hour time point to plasma caffeine concentrations 

as low as 0,6 yg ml-1. The 0, 0.25, and 0.5 hour samples were not 

included in the analysis because of the potential contamination of 

these samples with administered caffeine solution, arising from the 

fact that the samples were collected from the same heparin lock through 

which the caffeine had been administered. The lower level of 0.6 yg 

ml-1 was approximately twice the limit of sensitivity for the plasma 

caffeine assay used and within the range of linearity for the assay 

(0.5 to 20 yg ml-1). A statistical evaluation to determine the most 

appropriate compartmental model was accomplished using the method of 

Boxenbaum, Riegelman, and Elashoff (1974). Without exception, all 30 

data sets were adequately described statistically using a monoexponen-

tial, one-compartment model. 

A zero-time intercept (Cq) and elimination rate constant (K) 

were obtained from the NONLIN computer printout for each data set. 

From these two parameters a half-life (ti^) and a corrected zero-time 

JL 
intercept (CQ ) were calculated using the following equations: 

- 0-693 (3-6) 
h ~ k 

(C0) (x0) (K) (3-7), 
and C0 = 

(k0) (l-e-KT) 

where X0 is the intravenous dose, is the infusion rate, and T is 

the infusion time. A derivation of the equation for C* (3-7) is pre

sented in Appendix Q. From the corrected zero-time intercept and the 
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rate constant of elimination the total area under the caffeine plasma 

concentration versus time curve (AUC^) was calculated using the 

following equation: 

C* 
AUC°° = (3-8) 

0 K. 

When the blank plasma caffeine concentration (C_.) for a given sub-
i5x 

ject was greater than 0.6 yg ml-1, the total area under the curve was 

corrected by subtracting the area contributed by this initial plasma 

caffeine concentration using the following equation: 

CB1 
ADC: - TT - IT <3-9> 

From the above parameters the apparent volume of distribution (V) and 

the total body clearance (TBC) were calculated using the following 

equations: 

« = 
Xo (3-10) 

(K) (AUC») 

X 
and TBC = (3-11) 

o 

Although timed urine collections were made for the 0-23 hour and 23-47 

hour periods following each caffeine administration, the caffeine con

centrations in the 23-47 hour urine samples were consistently below 

the 0.6 yg ml-1 limit for accurate quantitation. Consequently, renal 
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clearance (RC) was calculated based upon a one-point determination 

using the following equation: 

Xu23 

RC = - (3-12) 
AUC23 

o 

where X2q3 is the amount of caffeine excreted in the urine during the 

0-23 hour period and AUC2q3 is the area under the caffeine plasma con

centration versus time curve from 0 to 23 hours. The X23 was calcula-
o 

ted by multiplying the urinary caffeine concentration by the volume of 

urine excreted during the first 23 hours after caffeine administration. 

Metabolic clearance (MC) was then calculated using the following 

equation: 

MC = TBC - RC (3-13) 

The apparent volume of distribution, total body clearance, renal clear

ance, and metabolic clearance for a given subject were divided by their 

respective weights and reported on a per kilogram basis. The various 

parameters were then tabulated and several computer files were gener

ated to store the data for further analysis. For each kinetic trial, 

a cumulative or average caffeine plasma concentration versus time plot 

was prepared and 95% confidence limits (95% CL) were calculated using 

the following equation: 

95% CL = In C, ± t80—2 (0.05) /Var (In C±) (3-14) 
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where t$o_2 (0.05) is equal to approximately 1.99, and 80 is the total 

number of data points (Armitage, 1977). The expression Var (In C^) is 

calculated from the following equation: 

Var (In C^) = Var (In Cq) + Tj Var (K) (3-15) 

resulting from the linear expression of the calculated plasma concen

tration (C^) at a given time (T^) (based upon the best fit NONLIN 

regression) as follows: 

In C. = In C - KT. (3-16) 
10 1 

The statistical treatment used will be discussed in the next section. 

Null Hypotheses To Be Tested 

As outlined in the introduction the primary purpose of this 

study was to evaluate the influence of vitamin C on the pharmacokinet

ics of caffeine in ten elderly men in a repeated measures design. The 

following null hypotheses were tested: 

1. The average subject weight did not change with time 

2. The average dietary intake of vitamin C did not change with 

time 

3. The average plasma vitamin C concentration did not change 

with time 

4. The average whole blood vitamin C concentration did not change 

with time 

5. The average leukocyte vitamin C concentration did not change 

with time 
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6. The average leukocyte count did not change with time 

7. The average normalized leukocyte count did not change with time 

8. The average plasma half-life of caffeine did not change with 

time 

9. The average rate constant of elimination for caffeine did not 

change with time 

10. The average apparent volume of distribution of caffeine did 

not change with time 

11. The average total body clearance of caffeine did not change 

with time 

12. The average renal clearance of caffeine did not change with 

time 

13. The average metabolic clearance of caffeine did not change 

with time 

where the term "with time" refers specifically to the seven-week period 

of dietary vitamin C restriction and supplementation, during which the 

three kinetic trials were conducted. Each of the above hypotheses 

was tested using a single factor repeated measures design analysis of 

variance (ANOVA) developed by Specht and Hohlen (1976). Other 

measured parameters that could potentially have varied with time 

during the study were also tested using this statistical tool. These 

include: the average corrected zero-time intercept; the average 0-23 

hour, 23-47 hour, and total urine volumes; the average amount of caf

feine (mg) excreted unchanged in the urine in 0-23 hours; the average 

amount of caffeine excreted in the urine in 0-23 hours expressed as a 
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percent of the administered dose; the average 0-23 and 23-47 hour uri

nary pH; and the average subject weight. 

Since the repeated measures ANOVA is a powerful test, a p-

value of 0.01 was selected as the level of significance required for 

rejecting the above null hypotheses. If this initial analysis demon

strated a statistically significant difference in a set of the three 

means for a given parameter, three additional pair-wise analyses were 

tested using the same repeated measures ANOVA (Spect and Hohlen, 1976) 

to determine whether the difference was between means one and two; two 

and three; and/or one and three. Since these three pair-wise com

parisons were conducted as post-hoc tests, a p-value of 0.0017 was 

selected as the level of significance required. A higher p-value 

CC 
(equivalent to where K is the number of post-hoc comparisons) is 

required when additional post-hoc comparisons are made in order to 

maintain the same level of significance (Miller, 1966). 



CHAPTER 4 

RESULTS AND DISCUSSION 

The results of this study will be presented in three major sec

tions: demographic data, vitamin C data, and caffeine data. 

Demographic Data 

Nutritional Evaluation 

The nutritional evaluation was conducted as a preliminary 

screening tool approximately six months before the clinical phase of 

the study. Data collected at this time included: age, height, weight, 

upper arm circumference, and skin fold thickness. The percent of aver

age weight, upper arm area, arm muscle area, and arm fat area were also 

calculated. In addition the approximate daily intake of vitamin C was 

calculated from a Twenty-four Hour Recall of Food Intake (see Appendix 

G) and a Three-day Record of Food Intake (see Appendix I). The age, 

height, weight, and weight expressed as a percent of the average weight 

for males age 60-69 (Anon. 1970b) is presented in Table 4-1. The 

average age at this time was approximately 72 years with a range of 66 

to 85. The average weight was 77 kg. Note that the individual weights 

were generally less than the average weight for males 60-69. Table 4-2 

contains a summary of anthropometric findings at the time of the nutri

tional evaluation. The average upper arm circumference was 30 cm and 

the average skin.fold thickness was 14 mm. The percentiles, in 
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Table 4-1. Demographic findings in elderly men (n=10) at the time of the 
nutritional evaluation. 

Subj ect Age, 
years 

Height,a 

cm 
Weight,*3 

kg 
Percent 
of Average 
Weightc 

SB 69 183 77 -15.7 

EB 68 179 81 - 3.6 

JB 67 187 81 - 1.0 

RB 74 180 74 - 8.0 

AC 74 173 73 - 3.2 

FF 69 180 70 -12.5 

MG 85 173 70 - 5.4 

SW 65 185 90 + 4.0 

RW 79 175 73 - 3.9 

FW 66 178 78 0.0 

Average 72 179 77 -

S.D. 6 5 6 -

^Height including shoes. 
Weight including indoor clothing. 
Based upon the average weight for males age 60-69 years (Anon., 1970b). 



Table 4-2. Anthropometric findings in elderly men (n=9) at the time of the 
nutritional evaluation. 

Subject Upper Arm Upper Arm Skin Fold Arm Muscle Arm Fat Area, AFA 
Circumference, Area, UAA, Thickness, Area, AMA, as a % 

• 
UAC , cm cm2 SFT , mm cm2 2 cnr of UAA 

SB 29(26)a 67(26) 10(39) 54(38) 13 19 

EB 31(48) 77(48) 14(57) 58(50) 19 25 

JB 28(15) 62(15) 15(61) 45(13) 17 27 

RB (29)26 67(26) 7(21) 58(50) 9 13 

AC 31(48) 77(48) 11(45) 62(62) 15 20 

FF 29(26) 67(26) 9(33) 56(44) 11 16 

MG 30(37) 69(37) 30(98) 34(1) 35 51 

SW NRb NCC NR NC NC NC 

RW 30(37) 72(37) 14(57) 53(35) 19 26 

FW 30(37) 72(37) 18(66) 48(20) 24 33 

Average 30(37) 70(36) 14(57) 52(32) 18 26 

S.D. 1 5 7 9 8 11 

Q 
Parentheses indicate approximate percentile for each individual measurement based upon 
^the percentiles established for 34.5 to 44.5 year old males (Frisancho, 1974). 
Not recorded. 
c 
Not calculated. 
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parentheses, are based upon the percentiles established for males age 

34.5 to 44.5 years (Frisancho, 1974). The average arm fat area ex

pressed as a percentage of total upper arm area is approximately 26%. 

While anthropometric measurements are reported to be of limited value 

in the elderly (Guthrie, 1975), the measurements obtained from this 

group of subjects compared favorably, by percentile, to younger males 

and indicated that the subjects were generally well nourished. 

Table 4-3 contains the approximate daily dietary vitamin C in

take in mg estimated from a Twenty-four Hour Recall of Food Intake and 

a Three-day Record of Food Intake. The maximum reported average daily 

intake was 336 mg and the minimum was 86 mg, with an overall average of 

168 mg. The average daily dietary vitamin C intake reported at this 

time was higher than the USRDA of 60 mg per day; and approximately 

three to five times higher than the average daily intake observed in 

other studies (Anon., 1972b; Bates et al., 1979). This finding is con

sistent with the observations made during the dietary history that 

nearly all of the subjects were concerned about their overall nutrient 

intake and that each of the subjects attributed their good health, in 

part, to proper dietary habits. All of the subjects were light to 

moderate consumers of caffeinated beverages, and no subject consumed 

more than three servings per day, i.e., three cups of coffee or tea, 

and/or three glassesful of caffeine-containing carbonated beverages. 

Physical Examinations 

Approximately six months after the nutritional evaluations 

were concluded, 15 of the potential subjects were given a physical 



Table 4-3. Approximate daily dietary vitamin C intake in elderly men (n=9) 
at the time of the nutritional evaluation. 

Subject Approximate Daily Dietary Vitamin C Intake In mg 

24-Hour 72-Hour Daily Eating Record Average 
Recall Day 1 Day 2 Day 3 ± S.D. 

SB 139 260 183 153 184±54 

EB 130 175 135 150 148±20 

JB 49 121 119 95 96±33 

KB 103 83 45 114 86 ±30 

AC 266 162 161 293 220169 

FF 19 90 28 80 54±36 

MG 131 186 76 200 148±57 

SW NRa NR NR NR - -

RW 282 301 238 133 239±75 

FW 450 285 253 356 336±87 

Average 174 185 138 175 168 

S.D. 135 87 80 * 93 88 

^ot recorded. 
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examination, including a health history and screening laboratory exam

inations. All ten subjects selected to participate in the study were 

assessed as "healthy" on the basis of a normal health history, chest 

x-ray, and electrocardiogram. In addition, all ten subjects were 

within normal limits with respect to the following laboratory tests: 

serum calcium, phosphorus, uric acid, glucose, cholesterol, albumin, 

bilirubin, alkaline phosphatase, creatinine, and glutamic oxaloacetic 

transaminase (SGOT); hematocrit, hemoglobin, white blood cell count 

with differential and platelet adequacy; and urinary pH, specific gravity, 

albumin, glucose, color, ketones, and occult blood. A discharge 

physical examination was conducted at the conclusion of the clinical 

phase of the study at which time the creatinine clearance (CrCl) for 

each subject was determined. Table 4-4 contains selected demographic 

and laboratory findings from the two physical examinations. Note that 

the average weight observed at this time (77 ± 9 kg) was nearly identi

cal to that observed six months earlier (77+6 kg), indicating that 

the subjects had maintained a constant weight. The average blood urea 

nitrogen (BUN) was 16 mg % with a range of 11 to 24 mg %. The normal 

range for the laboratory making these determinations was 10 to 20 mg %. 

The average creatinine clearance at the time of the discharge physical 

examination was 89 ml min 1. The normal range for creatinine clearance 

was 70 to 100 ml min *. Both of these observations indicated that the 

renal function of the subjects was normal and comparable to that of 

normal younger subjects. The average weight at the time of the three 

kinetic trials was 77.9 + 8.3, 77.6 ± 7.9, and 78.1 ± 8.2 kg for KT-1, 



Table 4-4. Selected demographic and laboratory findings in elderly men (n=10) 
at the time of the physical examination. 

Subject Age3, 
years 

Height3, 
cm 

Weight3, 
kg 

Blood Urea 
Nitrogen3, 
mg % 

Creatinine 
Clearance , 
ml min-1 

SB 70 183 75 14 104 

EB 68 179 85 15 73 

JB 66 187 79 15 75 

RB 75 180 74 14 64 

AC 75 173 72 15 74 

FF 69 180 70 18 97 

MG 86 173 67 16 99 

SW 66 185 97 20 87 

RW 80 175 74 24 89 

FW 67 178 79 11 130 

Average 72 179 77 16 89 

S.D. 7 5 9 4 19 

^Values at time of initial physical examination (October, 1979). 
Values at time of concluding physical examination (December, 1979). 
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KT-2, and KT-3, respectively. No significant change in average subject 

weight occurred during the dietary vitamin C restriction and supple

mentation (F=0.78; df=2,18; p=0.4728), indicating that all of the sub

jects were able to maintain their body weight throughout the study. 

Vitamin C Data 

Plasma and whole blood vitamin C levels were determined in each 

of the ten subjects a total of eight times during the study. A ninth 

set of samples was collected from four of the subjects just prior to 

the second kinetic trial after approximately four weeks of dietary 

vitamin C restriction. Leukocyte vitamin C levels were determined dur

ing each of the three kinetic trials. The results of these vitamin C 

determinations are summarized in Table 4-5. A complete presentation 

of all individual vitamin C determinations is contained in Appendix R 

and in Tables 4-6, 4-7, and 4-8. In addition the average time on the 

vitamin C restricted diet and the average approximate daily vitamin C 

intake (DVCI) are presented. The change in average vitamin C levels 

with time are presented graphically in Figure 4-1 for plasma (PVC), 

Figure 4-2 for whole blood (WBVC), and Figure 4-3 for leukocyte (WBCVC) 

determinations. The average WBC count and normalized WBC concentration 

(NWBCVC) with time are presented in Figure 4-4 and Figure 4-5, respec

tively. 

First Kinetic Trial 

The results of vitamin C determinations for KT-1 are presented 

in Table 4-6. The average PVC was 0.86 ± 0.37 mg %, well within the 



Table 4-5. Summary of average plasma, whole blood, and leukocyte vitamin C concentrations in 
elderly men (n=10) during dietary vitamin C restriction and supplementation. 

Event Time Intake3, Plasma Whole Leukocyte Leukocyte Normalized 
on mg Concen Blood Concen Count, Leukocyte 
Diet, tration, Concen tration, WBC(mm3)-1 Concen
days mg % tration, pgdOSwBC)-1 tration'3, 

mg % yg(108WBC)-1 

Physical -19 
_d 

0.94 1.23 
Examination (5)C (0.45) (0.40) 

First Kinetic - 1 214 0.86 0.92 19.72 5250 22.45 
Trial (KT-1) (0) (229) (0.37) (0.30) (11.11) (1760) (6.47) 

After One Week 8 42e 0.62 0.71 - — -

of Restriction (2) (40) (0.43) (0.27) 

After Two Weeks 15 22 0.37 0.49 — — -

of Restriction (2) (21) (0.34) (0.22) 

After Three Weeks 22 26 0.37 0.41 — - -

of Restriction (1) (18) (0.22) (0.21) 

After Four Weeks 28 12 0.29 0.34 - - -

of Restriction^ (1) (6) (0.24) (0.21) 

Second Kinetic 32 13 0.27 0.23 10.01 4940 11.77 
Trial (KT-2) (3) (9) (0.13) (0.31) (6.09) (870) (6.04) 

After One Week 38 1000g 1.92 1.68 — - -

of Supplementation (3) (0) (0.58) (0.34) 

Third Kinetic 46 1038 1.55 1.55 26.85 3670 24.32 
Trial (KT-3) (3) (70) (0.36) (0.31) (7.79) (550) (6.69) 



Table 4-5. Continued. 

Average total daily vitamin C intake including vitamin supplementation. 

^Leukocyte vitamin C concentration adjusted to a leukocyte count of 4,000 WBC(mm^)-1. 

c 
Values in parentheses indicate the standard deviation 

^Daily vitamin C intake and leukocyte vitamin C concentration not determined. 

e 
Average total daily vitamin C intake based upon six of the ten men. 

^Vitamin C intake, plasma, and whole blood values collected in only four of the ten men. 

Q 
Average daily vitamin C intake from supplemental vitamin C alone; dietary vitamin C intake* 
not included. 



Table 4-6. Plasma, whole blood, and leukocyte vitamin C concentrations in elderly men 
(n=10) during the first kinetic trial. 

Subject- Time Intake3, Plasma Whole Leukocyte Leukocyte Normalized 
Trial on mg Concen Blood Concen Count, Leukocyte 

Diet, tration, Concen tration, WBC(mm^)-* Concen
days mg % tration, yg(108WBC)-1 tration 5̂, 

mg % yg(108WBC)-1 

SB-1 —1 123 0.72 0.95 14.02 6420 22.49 

EB-1 -1 99 1.24 1.05 12.56 6980 21.92 

JB-1 -1 20 0.32 0.39 9.36 7290 17.05 

RB-1 -1 294 0.41 0.44 15.63 3710 14.49 

AC-1 -1 21 0.89 1.04 36.93 3160 29.17 

FF-1 -1 556 0.95 1.04 12.36 7620 23.53 

MG-1 -1 280 0.76 1.23 17.78 5380 23.93 

SW-1 -1 26 0.61 0.79 29.23 3230 23.59 

RW-1 -1 653 1.41 1.19 10.35 5150 13.32 

FW-1 -1 70 1.32 1.12 38.97 3560 34.68 

Average -1 214 0.86 0.92 19.72 5250 22.45 

S.D. 0 229 0.37 0.30 11.11 1760 6.47 

Average total daily vitamin C intake including vitamin supplementation. 

Leukocyte vitamin C concentration adjusted to a leukocyte count of 4,000 WBC(mm3) 1. 



Table 4-7. Plasma, whole blood, and leukocyte vitamin C concentrations in elderly men 
(n=10) during the second kinetic trial. 

Subj ect- Time Intake3, Plasma Whole Leukocyte Leukocyte Normalized 
Trial on mg Concen Blood Concen Count, Leukocyte 

Diet, tration, Concen tration, WBC(mm3) 1 Concen-^ 
days mg % tration, yg(108WBC)-1 tration , 

mg % yg(108WBC)-1 

SB-2 33 10 0.25 0.18 7.50 5020 9.41 

EB-2 36 1 0.28 0.35 5.19 5930 7.70 

JB-2 32 7 0.07 0.10 3.72 6030 5.61 

RB-2 34 32 0.23 0.28 6.06 3820 5.79 

AC-2 35 18 0.59 0.52 17.54 4940 21.66 

FF-2 28 10 0.32 0.20 23.10 3580 20.70 

MG-2 33 5 0.22 0.19 9.41 5000 11.75 

SW-2 30 9 0.23 0.13 6.82 5430 9.25 

RW-2 28 23 0.24 0.25 8.07 4010 8.09 

FW-2 35 16 0.25 0.11 12.64 5610 17.72 

Average 32 13 0.27 0.23 10.01 4940 11.77 

S.D. 3 9 0.13 0.13 6.09 870 6.04 

a 
Average total daily vitamin C intake including vitamin supplementation. 

Leukocyte vitamin C concentration adjusted to a leukocyte count of 4,000 WBC(mm3)-1. 



Table 4-8. Plasma, whole blood, and leukocyte vitamin C concentrations in elderly men 
(n=10) during the third kinetic trial. 

Subject- Time Intake3, Plasma Whole Leukocyte Leukocyte Normalized 
Trial on mg Concen Blood Concen Count, Leukocyte 

Diet, tration, Concen tration, WBC(mm3)~l Concen^ 
days mg % tration, yg(108WBC)-1 tration , days mg % 

mg % 
yg(108WBC)-1 

yg(108WBC)-1 

SB-3 47 1012 1.64 1.45 23.67 3950 23.39 

EB-3 50 1018 1.36 1.29 13.52 3940 13.30 

JB-3 46 1019 2.03 2.12 25.45 4930 31.38 

RB-3 48 1030 0.72 1.02 18.44 3530 16.26 

AC-3 49 1237 1.65 1.77 26.58 3950 26.26 

FF-3 42 1010 1.46 1.42 33.68 3370 28.36 

MG-3 47 1007 1.89 1.83 33.24 3410 28.35 

SW-3 44 1011 1.69 1.55 29.40 2990 21.96 

RW-3 42 1016 1.34 1.36 24.09 3250 19.56 

FW-3 49 1017 1.74 1.66 40.42 3400 34.39 

Average 46 1038 1.55 1.55 26.85 3670 24.32 

S.D. 3 70 0.36 0.31 7.79 550 6.69 

Average total daily vitamin C intake including vitamin supplementation. 

^Leukocyte vitamin C concentration adjusted to a leukocyte count of 4,000 WBC(mm3)-1. 
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Figure 4-1. Average plasma vitamin C concentrations in elderly men 
(n=10) during dietary vitamin C restriction and supplementation. — 
Vertical bars represent standard deviations. Horizontal dashed lines 
indicate the normal range for plasma vitamin C concentration of 0.4 
to 1.5 mg %. 
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Figure 4-2. Average whole blood vitamin C concentrations in elderly men 
(n=10) during dietary vitamin C restriction and supplementation. — 
Vertical bars represent standard deviations. Horizontal dashed lines 
indicate the normal range for whole blood vitamin C concentration of 
0.5 to 1.6 mg %. 
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Figure 4-3. Average leukocyte vitamin G concentrations in elderly men 
(n=10) during dietary vitamin C restriction and supplementation. — 
Vertical bars represent standard deviations. Horizontal dashed lines 
indicate the normal range for leukocyte vitamin C concentration of 
15 to 35 yg(108 WBC)-1. 
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Figure 4-4. Average leukocyte count vitamin C concentrations in 
elderly men (n=10) during dietary vitamin C restriction and supple
mentation, — Vertical bars represent standard deviations. Horizontal 
dashed lines indicate the normal range for leukocyte counts of 4,000 
to 10,000 WBC (mm3)-1-
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Figure 4-5. Average normalized leukocyte vitamin C concentrations in 
elderly men (n=10) during dietary vitamin C restriction and supplemen
tation adjusted to a leukocyte count of 4,000 WBC(mm3)-l. — Vertical 
bars represent standard deviations. Horizontal dashed lines 
indicate the normal range for leukocyte vitamin C concentration of 
15 to 35 yg(108 WBC)~1. 
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accepted normal range of 0.4 to 1.5 mg %. The average WBVC was 0.92± 

0.30 mg %, which was slightly higher than the plasma concentration and 

well within the normal range of 0.5 to 1.6 mg %. The average WBCVC was 

19.72 ± 11.11 yg(108 WBC) also well within the normal range of 15 

to 35 |ig(108 WBC) 1 for this assay method. When corrected to a WBC 

count of 4,000 WBC(mm3) *, the average was 22.45 ± 6.47 yg(108 WBC) 1 

corresponding to an average WBC count of 5250 + 1760 WBC(mm3) 1. The 

average DVCI, including vitamin supplements, was approximately 214 mg, 

with a range of 20 to 653 mg. The average DVCI at this time was 

approximately five times the USRDA. Several individual DVCI values 

were over ten times the USRDA, while three subjects reported DVCI 

values below 45 mg. Note that subject JB was below the normal range 

for PVC and WBVC corresponding to a low (20 mg) reported DVCI. Subject 

RB also had below normal initial PVC and WBVC, although he reported a 

high (294 mg) DVCI. Finally, note that subject AC had normal PVC and 

WBVC with a reported DVCI of only 21 mg. Five subjects had WBCVC 

values below the normal range, and two subjects had NWBCVC values be

low the normal range. These findings are consistent with the work 

reported by Leevy et al. (1965), Abraham et al. (1974), and Abraham 

et al. (1975). 

Second Kinetic Trial 

Following approximately four to five weeks of dietary vitamin 

C restriction, KT-2 was conducted. The vitamin C determinations ob

served during KT-2 are presented in Table 4-7. The average DVCI was 
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13 ± 9 mg with a range of 1 to 32 mg. The average vitamin C concentra

tions observed in all three tissues are substantially below the normal 

ranges. Note that the average WBVC of 0.23 ± 0.13 mg % are slightly-

lower than the average observed PVC of 0.27 ± 0.13 mg %. Even though 

the WBCVC is below normal at 10.01 ± 6.09 yg(108 WBC)-1, sufficient 

saturation of leukocytes with vitamin C is present to contribute addi

tional vitamin C to the whole blood samples, and the observed WBVC 

should be slightly higher than the observed PVC. A possible explanation 

of this is that an alteration of the WB homogenization technique was 

adopted just after KT-1. Due to a mechanical failure of the stirring 

motor used to homogenize the whole blood sampled at 150 rpm, a variable 

speed motor was obtained and used for the remainder of the samples. The 

variable speed motor was incapable of producing sufficient torque to 

homogenize the samples at 150 rpm, so a higher homogenization speed was 

used. It is possible that this second homogenization technique failed 

to disrupt the WBC cell membranes adequately, thus resulting in a lower 

overall contribution to the WBVC values by the WBC present in a given 

sample, and correspondingly lower WBVC values. This modification of the 

homogenization technique is also a possible explanation for the average 

WBVC determinations that are equal to or less than the average PVC deter

mination observed after one week of supplementation with vitamin C and at 

KT-3 (.see Table 4-5). The average WBC count was 4940 ± 870 WBC (mm3)-1, 

and the NWBCVC was 11.77 ± 6.04 ]ig(108 WBC)"1. With one exception (subject 

AC) all PVC and WBVC determinations were below the normal range. Note that 

two subjects (AC and FF) had WBCVC values within the normal range and three 

subjects (AC, FF, and FW) had NWBCVC levels within the normal range. 



156 

Third Kinetic Trial 

The vitamin C determinations observed at the time of KT-3 fol

lowing two weeks of vitamin C supplementation are presented in Table 

4-8. These values correspond to approximately seven weeks of dietary 

vitamin C restriction. The average DVCI of 1038 + 70 mg is essentially 

equivalent to the 1000 mg daily vitamin C supplementation administered 

between KT-2 and KT-3. Without exception, all PVC determinations are 

within the normal range, and several are above the 1.5 mg % level. 

Likewise, all WBVC determinations are within the normal range with 

several above the 1.6 mg % level. Note that the average PVC and 

average WBVC are nearly identical, even though WBCVC is quite high. 

The average WBCVC of 26.85 + 7.79 Hg(108 WBC) 1 is slightly above the 

normal range, indicating near saturation of WBC with vitamin C on the 

average. Note one subject (EB) with a WBCVC below and several subjects 

well above the normal range. The NWBCVC is very similar at 24.32 ± 

6.69 yg(108 WBC) 1 with an average WBC count of 3670 ± 550 WBC(jnm3)-1. 

Again, subject EB is below the normal range and several other subjects 

are above the normal range. 

Null Hypotheses Tested 

A summary of average plasma, whole blood, and leukocyte vitamin 

C concentrations for each of the kinetic trials is presented in Table 

4-9. Six major null hypotheses were tested to determine if any 

statistically significant changes occurred in DVCI, PVC, WBCVC, WBC 

count, and/or NWBCVC during the period of dietary vitamin C restriction 



Table 4-9. Summary of average plasma, whole blood, and leukocyte vitamin C concentrations 
in elderly men (n=10) for all three kinetic trials. 

Trial Time Intake3, Plasma Whole Leukocyte Leukocyte Normalized 
on mg Concen Blood Concen Count, Leukocyte 
Diet, tration, Concen tration, WBC(mm3)-1 Concen^ 
days mg % tration, yg(108WBC)-1 tration , 

mg % yg(108WBC)-1 

KT-1 -1 214 0.86 0.92 19.72 5250 22.45 
(o)c (229) (0.37) (0.30) (11.11) (1760) (6.47) 

KT-2 32 13 0.27 0.23 10.01 4940 11.77 
(3) (9) (0.13) (0.13) (6.09) (870) (6.04) 

KT-3 46 1038 1.55 1.55 26.85 3670 24.32 
(3) (70) (0.36) (0.31) (7.79) (550) (6.69) 

p, overall o.oooid o.oooid o.oooid o.oooid 0.0092d . 0.0001d 

p, KT-•1 to KT--2 0.0203 0.0005d o.oooid 0.0188 0.6218 o.oooid 

p, KT-•2 to KT-•3 o.oooid o.oooid o.oooid o.oooid 0.0006d o.oooid 

p, KT-•1 to KT-•3 o.oooid 0.0029 0.0015d 0.0449 0.0114 0.3630 

Average total daily vitamin C intake including vitamin supplementation. 

^Leukocyte vitamin C concentration adjusted to a leukocyte count of 4,000 WBC(mm3) 1. 

Values in parentheses indicate the standard deviation. 

^Statistically significant difference; p<0.01 for overall comparisons and p<0.0017 for pair-wise. 
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and supplementation. As anticipated, a significant overall change 

(i.e., from KT-1 to KT-2 to KT-3) in DVCI occurred during the study 

(F= 143.62; df=2,18; p=0.0001). The average DVCI decreased from 214 ± 

229 to 13 ± 9 mg from KT-1 to KT-2 (F=7.90; df=l,9; p=0.0203) and in

creased to 1038 ± 70 mg at KT-3 (F=2227.92; df=l,9; p=0.0001). The 

increase in the average DVCI from KT-1 to KT-3 was also significant 

(F=1Q0.86; df=l,9; P=0.0001). 

The average PVC was 0.86 ± 0.37, 0.27 ± 0.13, and 1.55 + 0.36 

mg % for KT-1, KT-2, and KT-3, respectively, corresponding to a sig

nificant overall change during the study (F=42.78; df=2,18; p=0.0001). 

Subsequent pairwise comparisons demonstrated a significant decrease in 

the average PVC from KT-1 to KT-2 (F=28.10; df=l,9; p=0.0005) and a 

significant increase in the average PVC from KT-2 to KT-3 (F=100.75; 

df=l,9; p=0.0001). The mean PVC at KT-3 also is considerably (al

though not significantly) greater than that determined at KT-1 (F= 

16.39; df=l,9; p=0.0029). These data are consistent with the findings 

of Bates et al. (1979), who demonstrated that PVC was strongly correla

ted to DVCI in 23 elderly subjects. The observed decrease and increase 

in PVC, which paralleled dietary vitamin C restriction and supplemen

tation, is also consistent with the work of Hodges et al. (1971) and 

Baker et al. (1971), as previously discussed. 

A significant overall change in WBVC also occurred during the 

study (F=63.30; df=2,18; p=0.0001). The average WBVC was 0.92+ 0.30, 

0.23 ± 0.13, and 1.55 ± 0.31 mg % for KT-1, KT-2, and KT-3 respec

tively. The decrease in the mean WBVC from KT-1 to KT-2 was significant 



(F=54.92; df=l,9; p=0.0001), and the increase in mean WBVC from KT-2 to 

KT-3 was significant (F=129.81; df=l,9; p=0.0001). The mean WBVC at 

KT-3 was also significantly higher than the WBVC at KT-1 (F=20.39; 

df=l,9; p=0.0015). As previously noted, these findings are consistent 

with the work of other investigators (Hodges et al., 1971; Baker 

et al., 1971). 

The average WBCVC for KT-1, KT-2, and KT-3 was 19.72 ± 11.11, 

10.01 ± 6.09, and 26.85 ± 7.79 Jig(108 WBC) 1 respectively, correspon

ding to a significant overall change (F=16.77, df=2,18, p=0.0001). The 

decrease in mean WBCVC from KT-1 to KT-2 (F=8.18; df=l,9; p=0.0188), 

although substantial, did not correspond to the established level of 

significance for pair-wise comparisons. Conversely, the increase in 

the mean WBCVC from KT-2 to KT-3 was significant (F=60.96; df=l,9; 

p=0.0001). While the final mean WBCVC at KT-3 was somewhat greater 
I 

than the initial mean WBCVC at KT-1, the difference was not statis

tically significant (F=5.42; df=l,9; p=0.0449). Leukocyte vitamin C 

concentrations have been shown to be highly correlated to daily dietary 

vitamin C intake (Bates et al., 1979). The decrease and increase in 

the mean WBCVC during the period of dietary vitamin C restriction and 

supplementation is consistent with the dependence of WBCVC on DyCI. 

The average WBC count was 5250 ± 1760 WBC(mm3) 1 for KT-1, 

4940 ± 870 WBC(mm3) 1 for KT-2,and 3670 ± 550 WBC(mm3) 1 for KT-3, 

corresponding to a significant overall decrease (F=6.15; df=l,18; 

p=0.0092). While the mean WBC count at KT-1 and KT-2 was nearly 

identical (F=0.26; df=l,9; p=0.6218), the average WBC count from KT-2 
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to KT-3 was significantly different (F=26.98; df=l,9; p=0.0006). The 

mean WBC count at KT-3 was not significantly different from the mean 

WBC count at KT-1 (F=10.03; df=l,9; p=0.0114). Normal WBC counts are 

generally in the range of 4,000 to 10,000 WBC(mm3) 1 of whole blood 

(Finley, 1980). It can be seen from Table 4-9 that the mean WBC counts 

at KT-1 and KT-2 were within this range. The WBC count determined at 

KT-3, while slightly lower than normal and statistically lower than that 

determined at KT-2, is not considered to be of any clinical signifi-

/ cance. The low WBC counts determined at all three kinetic trials, in 

comparison to accepted laboratory values, are possibly the result of 

incomplete or partial harvesting of leukocytes into the plasma layer 

during the preparation of the leukocyte samples for vitamin C determi

nation (see Sample Preparation for Leukocyte Vitamin C Assay, p. 114). 

The reduction in the mean leukocyte count observed at KT-3 coincides 

with an increase in vitamin C intake; the significance of this obser

vation is unknown. 

The average NWBCVC was 22.45 ± 6.47, 11.77 ± 6.04, and 24.32 ± 

6.69 |ig(108 WBC) 1 for KT-1, KT-2, and KT-3 respectively, correspon

ding to a significant overall change during the study (F=28.28; df=2, 

18; p=0.0001). The decrease in the mean NWBCVC from KT-1 to KT-2 was 

significant (F=56.48; df=l,9; p=0.0001), and the increase in the mean 

NWBCVC from KT-2 to KT-3 was also significant (F=40.39; df=l,9; p= 

0.0001). The average NWBCVC for KT-1 and KT-3 were not statistically 

different (F=0.92; df=l,9; p=0.3630). These findings are in agreement 



161 

with the work of Bates et al. (1979) who have shown that WBCVC and 

DVCI are highly correlated. 

Vitamin C Depletion and Repletion 

It can be seen from Table 4-5 and Figure 4-1 that the average 

PVC dropped to below the normal range after the second week of dietary 

restriction, from an average value at KT-1 well within the normal 

range. Plasma vitamin C concentration continued to fall over the next 

two weeks to a minimum just prior to KT-2. These findings are in 

agreement with the work of Hodges et al. (1971) who demonstrated that 

when dietary vitamin C intake is totally restricted, plasma levels fall 

rapidly during the first month to a level of about 0.2 mg %. The 

plasma vitamin C half-life estimated from the amount of time required 

for the average plasma vitamin C concentration to fall to one-half its 

original value (see Figure 4-1) is approximately 15 to 22 days. This 

is in good agreement with the value of 20 days reported by Baker et al. 

(1971). Table 4-5 and Figure 4-2 demonstrate a similar depletion phase 

for WBVC values. While the WBC count (see Figure 4-4) remained rela

tively constant, the average WBCVC (see Figure 4-3) and NWBCVC (see 

Figure 4-5) fell from an average value in the normal range to approxi

mately one-half the control value during the period of dietary vitamin 

C restriction. 

According to the work of Baker et al. (1971), it is estimated 

that the average total body pool of vitamin C after the depletion phase 

was approximately 50 to 70 percent of the average initial value based 
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upon the leukocyte vitamin C. concentration. Dietary vitamin C reple

tion is reported to follow a zero-order process, proportional to the 

daily vitamin intake (Baker et al., 1969). It can be seen from Table 

4-5 and Figures 4-1 and 4-2, that the average PVC and WBVC values in

creased rapidly during the two week period of vitamin C supplementation 

to levels well above the average initial values. Similarly, the av

erage WBCVC (see Figure 4-3) and NWBCVC (see Figure 4-5) approximately 

doubled during the two week period of vitamin C supplementation. 

Caffeine Data 

The pharmacokinetics of caffeine following intravenous admin

istration were determined on three separate occasions, in each of the 

ten subjects. Ten tables containing plasma caffeine concentration 

versus time data for each of the individual caffeine administrations 

are presented in Appendix S. Three typical plasma concentration ver

sus time plots are presented in Figures 4-6, 4-7, and 4-8 for subject 

MG. Open symbols represent data points that were not included in the 

NONLIN regressions. Since caffeine samples were withdrawn from the 

same heparin lock through which the caffeine was administered, the 

0.0, 0.25, and 0.5 hour samples were not included in the regressions, 

because residual caffeine present in the lock from the caffeine admin

istration could have falsely elevated the concentrations measured. It 

should be noted that the hospital dietary staff inadvertently supplied 

a mint tea to each of the subjects the morning after each of the kin

etic trials. In many cases an elevation in plasma caffeine 
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Figure 4-6. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject MG for the first kinetic trial. — Caffeine 
(275 mg) was administered by intravenous infusion. The slope of the 
regression line is 0.1581 hr~l and the calculated zero-time intercept 
is 7.86 yg ml--'-. Open symbols represent data points not included in 
the N0NLIN regression. 
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Figure 4-7. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject MG for the second kinetic trial. — Caffeine 
(275 mg) was administered by intravenous infusion. The slope of the 
regression line is 0.1927 hr~l and the calculated zero-time intercept 
is 8.36 pg ml-1. Open symbols represent data points not included in 
the NONLIN regression. 
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Figure 4-8. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject MG for the third kinetic trial. — Caffeine 
(275 mg) was administered by intravenous infusion. The slope of 
the regression line is 0.2G35 hr~l and the calculated zero-time 
intercept is 7.81 ]ig ml~l. Open symbols represent data points not 
included in the NONLIN regression. 
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concentration occurred at approximately this time. When this was noted, 

the sample corresponding to the elevated plasma caffeine concentration 

and all subsequent samples for that individual trial were excluded from 

the NONLIN regression. Finally, all caffeine plasma concentrations be

low 0.6 yg ml 1 were also excluded from the regressions for reasons 

discussed earlier (see Caffeine Assay, p. 95). Ten individual caffeine 

plasma concentration versus time plots for each subject containing data 

from each of the three trials are presented in Figure 4-9 through Figure 

4-18. These figures show only those data points included in the NONLIN 

regressions. Note that the time course of caffeine in the body is 

quite similar in a given subject from KT-1 to KT-2 to KT-3. 

First Kinetic Trial 

Prior to any modification in dietary vitamin C intake KT-1 was 

conducted. The elimination rate constant (K) , plasma half-life (tig), 

apparent volume of distribution (V), total body clearance (TBC), renal 

clearance (RC), and metabolic clearance (MC) observed at this time are 

presented in Table 4-10. The average plasma concentration versus time 

plot of all data points from 0.75 to 15.0 hours constructed using the 

average K and average zero-time intercept is presented in Figure 4-19. The 

average K is 0.1432 ± 0.0505 hr-1. The average ti^ when calculated from the 

average K was 4.84 hr. The average ti^ was calculated from the aver

age K, since ti^ is inversely related to K. Observed t^ values vary 

over a wide range from 2.83 to 7.86 hr. The average V was 513 ± 

39 ml kg 1 with a range of 453 to 583 ml kg 1. The average TBC 
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Figure 4-9. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject SB for all three kinetic trials. — Caffeine 
(300 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O O > the first kinetic trial (KT-1) before any 
dietary.vitamin C restriction; a A, the second kinetic trial 
(KT-2) after 33 days of dietary vitamin C restriction ; and 
•—O, the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-10. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject EB for all three kinetic trials. — Caffeine 
(350 mg) was administered by intravenous injusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—Os the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; A A, the second kinetic trial 
(KT-2) after 36 days of dietary vitamin C restriction ; and 

the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-11. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject JB for all three kinetic trials. — Caffeine 
(.325 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—0» the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; A A, the second kinetic trial 
(KT-2) after 32 days of dietary vitamin C restriction ; and 
•—O, the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-12. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject RB for all three kinetic trials. — Caffeine 
(275 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—O > the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; A A, the second kinetic trial 
(KT-2) after 34 days of dietary vitamin C restriction; and 
•—•, the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 



171 

o> 

cn KT-I 

KT-3'  
KT-2 

LLI 

u_ 

0.5 
20 16 12 8 4 0 

TIME, hours 

Figure 4-13. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject AC for all three kinetic trials. — Caffeine 
(300 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—O, the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; a a, the second kinetic trial 
(KT-2) after 35 days of dietary vitamin C restriction j and 

the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-14. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject FF for all three kinetic trials. — Caffeine 
(300 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—O, the first kinetic trial (.KT-1) before any 
dietary vitamin C restriction; A A, the second kinetic trial 
(KT-2) after 28 days of dietary vitamin C restriction; and 

the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-15. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject MG for all three kinetic trials. — Caffeine 
(.275 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—0> the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; & A, the second kinetic trial 
(KT-2) after 33 days of dietary vitamin C restriction; and 
D—O, the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-16. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject SW for all three kinetic trials. — Caffeine 
(375 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—Os the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; A A, the second kinetic trial 
(KT-2) after 30 days of dietary vitamin C restriction; and 
•—a, the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-17. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject RW for all three kinetic trials. — Caffeine 
(300 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—Oj the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; £ A, the second kinetic trial 
(KT-2) after 28 days of dietary vitamin C restriction; and 
•—•, the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 
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Figure 4-18. Semilogarithmic plot of caffeine plasma concentration 
versus time in subject FW for all three kinetic trials. — Caffeine 
(325 mg) was administered by intravenous infusion at three separate 
times corresponding to three different levels of vitamin C intake. 
Symbols represent: O—0» the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; A the second kinetic trial 
(KT-2) after 35 days of dietary vitamin C restriction; and 
o—•, the third kinetic trial (KT-3) after two weeks of dietary 
vitamin C supplementation. 



Table 4-10. Intravenous caffeine pharmacokinetic data in elderly men (n=10) from the first 
kinetic trial. 

Subject-
Trial 

Elimination 
Rate 

Plasma 
Half-life, 

Apparent 
Volume of 

Clearances , (ml hr l—»
 

S-
/ if
 

0Q
 1 y~J 

Constant, 
hr-1 

hr Distribution, 
ml kg-1 Total Body Renal Metabolic 

SB-1 0.1314 5.27 508 66.69 1.07 65.62 

EB-1 0.1953 3.55 477 93.17 1.09 92.08 

JB-1 0.2448 2.83 583 142.74 2.70 140.04 

RB-1 0.1379 5.03 518 71.44 0.87 70.57 

AC-1 0.0967 7.17 500 48.35 0.81 47.54 

FF-1 0.1155 6.00 554 63.93 0.82 63.11 

MG-1 0.1581 4.38 548 86.67 1.59 85.08 

SW-1 0.0913 7.60 491 44.83 0.88 43.95 

RW-1 0.1732 4.00 499 86.45 1.92 84.53 

FW-1 0.0882 7.86 453 39.97 0.78 39.19 

Average 0.1432 4.84a 513 74.42 1.25 73.17 

S.D. 0.0505 - 39 30.25 0.63 29.68 

Average caffeine plasma half-life calculated from the average elimination rate constant. 
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Figure 4-19. Semilogarithmic plot of average caffeine plasma concen
tration versus time in elderly men (n=10) for the first kinetic 
trial. — Caffeine (4 mg kg"l) was administered by intravenous 
infusion before any dietary vitamin C restriction. The plot was 
constructed using the average zero-time intercept (8.03 yg ml~l) 
and the average elimination rate constant (.0.1432 hr--*-) . Dashed 
lines represent 95% confidence limits. 
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observed at this time was 74.42 ± 30.25 (ml hr *)kg 1 with a range of 

39.97 to 142.74 (ml hr *)kg The average RC was 1.25 ± 0.63 (ml hr L) 

kg 1 with a range of 0.78 to 2.70 (ml hr *)kg *. An average of 5.2 ± 

1.4 mg caffeine was excreted unchanged in the urine during the first 

23 hours after dosing, corresponding to 1.7 ± 0.4 percent of the dose. 

The average MC was 73.17 ± 29.68 (ml hr *)kg 1 with a range of 39.19 

to 140.04 (ml hr *)kg 1. 

Second Kinetic Trial 

After approximately four to five weeks of dietary vitamin C 

restriction, KT-2 was conducted. The pharmacokinetic parameters of 

interest for this kinetic trial are presented in Table 4-11. The 

average plasma concentration versus time plot of all data points from 

0.75 to 15.0 hours constructed using the average K and average zero-

time intercept is presented in Figure 4-20. The average K at this time 

was 0.1584 ± 0.0547 hr 1 corresponding to a calculated average t, of 

4.38 hr with a range of 2.65 to 7.98 hr. The average V was 499 ± 33 

ml kg 1 with a range of 446 to 554 ml kg 1. The average TBC was 

79.11 ± 28.54 (ml hr *)kg . The average RC was 1.29 ± 0.60 (ml hr 1) 

kg with a range of 0.79 to 2.17 (ml hr )kg . An average of 4.9 ± 

1.6 mg caffeine was excreted unchanged in the urine during the first 

23 hours, corresponding to 1.6 ± 0.5 percent of the dose. The average 

MC was 77.82 ± 28.12 (ml hr *)kg 1 with a range of 44.54 to 136.37 

(ml hr 1)kg 1. Note the similar orders of magnitude for each of the 

parameters for a given subject from KT-1 to KT-2. 



Table 4-11. Intravenous caffeine pharmacokinetic data in elderly men (n=10) from the second 
kinetic trial. 

Subject-
Trial 

Elimination 
Rate 

Plasma 
Half-life, 

Apparent 
Volume of 

Clearances , (ml hr" •^kg"1 

Constant, 
hr-1 

hr Distribution, 
ml kg-1 Total Body Renal Metabolic 

SB-2 0.1949 3.56 487 94.86 1.16 93.70 

EB-2 0.1934 3.58 493 95.34 0.86 94.48 

JB-2 0.2616 2.65 530 138.54 2.17 136.37 

RB-2 0.1347 5.14 513 69.11 0.91 68.20 

AC-2 0.1020 6.79 488 49.79 0.46 49.33 

FF-2 0.1300 5.33 554 72.04 1.50 70.54 

MG-2 0.1927 3.60 453 87.43 2.09 85.34 

SW-2 0.1086 6.38 446 48.39 1.03 47.36 

RW-2 0.1792 3.87 504 90.28 1.94 88.34 

FW-2 0.0869 7.98 522 45.33 0.79 44.54 

Average 0.1584 4.38a 499 79.11 1.29 77.82 

S.D. 0.0547 - 33 28.54 0.60 28.12 

Average caffeine plasma half-life calculated from the average elimination rate constant. 
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Figure 4-20. Semilogarithmic plot of average caffeine plasma concent 
tration versus time in elderly men (n=10) for the second kinetic 
trial. — Caffeine (4 mg kg—1) was administered by intravenous infusion 
after approximately four to five weeks of dietary vitamin C restriction. 
Constructed using the average zero-time intercept (7.92 yg ml~l) 
and the average elimination rate constant (0.1584 hr~l). Dashed 
lines represent 95% confidence limits. 
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Third Kinetic Trial 

The pharmacokinetic data from KT-3, conducted following two 

weeks of vitamin C supplementation (1000 mg per day), is presented in 

Table 4-12. The average plasma concentration versus time plot of all 

data points from 0.75 to 15.0 hours constructed using the average K 

and average zero-time intercept is presented in Figure 4-21. The 

average K at this time was 0.1539 ± 0.0617 hr-1 corresponding to a calcu

lated average t? of 4.50 hr with a range of 2.45 to 7.94 hr. The average 
'Z 

V was 497 ± 30 ml kg 1 with a range of 458 to 546 ml kg-1. Average 

TBC, RC, and MC were 77.15 ± 33.18, 1.25 ± 0.61, and 75.90 ± 32.69 

(ml hr-1)kg-1, respectively. An average of 4.9 ± 1.8 mg caffeine was 

excreted unchanged in the urine during the first 23 hours, corres

ponding to 1.6 ± 0.5 percent of the dose. Note again the similar 

orders of magnitude for each of the parameters for a given subject 

from KT-1 to KT-2 to KT-3. 

Null Hypotheses Tested 

A summary of average intravenous caffeine pharmacokinetic data 

for each of the kinetic trials is presented in Table 4-13. A plot of 

the average caffeine plasma concentration versus time for all three 

kinetic trials constructed using the average elimination rate constants 

and average zero-time intercepts is presented in Figure 4-22. Six 

major null hypotheses were tested to determine if any statistically 

significant change occurred, in the average elimination rate constant 

(K), half-life (t,), apparent volume of distribution (V), total 



Table 4-12. Intravenous caffeine pharmacokinetic data in elderly men (n=10) from the third 
kinetic trial 

Subj ect-
Trial 

Elimination 
Rate 

Plasma 
Half-life, 

Apparent 
Volume of 

Clearances , (ml hr~ ̂kg-1 

Constant, 
hr-1 

hr Distribution, 
ml kg-* Total Body Renal Metabolic 

SB-3 0.1640 4.23 546 89.61 1.17 88.44 

EB-3 0.1855 3.74 492 91.20 1.53 89.67 

JB-3 0.2834 2.45 527 149.47 2.13 147.34 

RB-3 0.1272 5.45 486 61.84 0.86 60.98 

AC-3 0.1058 6.55 499 52.84 0.77 52.07 

FF-3 0.1147 6.04 534 61.24 0.79 60.45 

MG-3 0.2035 3.41 483 98.19 2.39 95.80 

SW-3 0.0873 7.94 459 40.05 1.12 38.93 

RW-3 0.1790 3.87 484 86.57 1.26 85.31 

FW-3 0.0884 7.84 458 40.52 0.48 40.04 

Average 0.1539 4.503 497 77.15 1.25 75.90 

S.D. 0.0617 - 30 33.18 0.61 32.69 

Average caffeine plasma half-life calculated from the average elimination rate constant. 
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Figure 4-21. Semilogarithmic plot of average caffeine plasma concen
tration versus time in elderly men Cn=10) for the third kinetic 
trial. — Caffeine (.4 mg kg"-'-) was administered by intravenous infusion 
following two weeks of vitamin C supplementation (1000 mg per day). 
Constructed using the average zero-time intercept (7.96 yg ml~l) 
and the average elimination rate constant (0.1539 hr~l). Dashed 
lines represent 95% confidence limits. 



Table 4-13. Summary of average intravenous caffeine pharmacokinetic data in elderly men (n=10) 
for all three kinetic trials. 

Subject- Elimination Plasma Apparent Clearances, (ml hr~ )kg~ 
Trial Rate Half-lifea, Volume of 

Constant, hr Distribution, 
hr-1 ml kg-1 Total Body Renal Metabolic 

KT-1 0.1432 
(0.0505)b 

4.84 513 
(39) 

74.42 
(30.25) 

1.25 
(0.63) 

73.17 
(29.68) 

KT-2 0.1584 
(0.0547) 

4.38 499 
(33) 

79.11 
(28.54) 

1.29 
(0.60) 

77.82 
(28.12) 

KT-3 0.1539 
(0.0617) 

4.50 497 
(30) 

77.15 
(33.18) 

1.25 
(0.61) 

75.90 
(32.69) 

p, overall0 0.0582 - 0.3400 0.2551 0.9411 0.2526 

p, KT-1 to KT-•2 - - - - -

p, KT-2 to KT-•3 - — — — - -

p, KT-1 to KT-3 

Average caffeine plasma half-life calculated from the average elimination rate constant. 

^Values in parentheses indicate standard deviation. 

Statistically significant difference; p<0.01 for overall comparisons and p<0.0017 for pair-wise. 
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Figure 4-22. Semilogarithmic plot of average caffeine plasma concentra
tion versus time in elderly men (ji=10) for all three kinetic trials. — 
Caffeine (.4 mg kg*"l) was administered by intravenous infusion at three 
separate times corresponding to three different levels of vitamin C 
intake. Solid line (: ), the first kinetic trial (KT-1) before any 
dietary vitamin C restriction; dashed line 0 ), the second kinetic 
trial (KT-2) after approximately four weeks of dietary vitamin C 
restriction; and dot-dash line ( ), the third kinetic trial (KT-3) 
after two weeks of dietary vitamin C supplementation. 
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body clearance (TBC), renal clearance (RC), and metabolic clearance 

(MC) during the study. 

The average K was 0.1432 ± 0.0505, 0.1584 ± 0.0547, and 

0.1539 ± 0.0617 hr 1 for KT-1, KT-2, and KT-3, respectively. While 

an increase in K occurred from KT-1 to KT-2 followed by a slight 

decrease from KT-2 to KT-3, no overall statistically significant 

change occurred (F=3.34; df=2,18; p=0.0582). The average plasma half-

life, calculated from each corresponding average K, decreased from 

4.84 hr at KT-1 to 4.38 hr at KT-2 and then increased slightly to 

4.50 hr at KT-3. These findings are in direct opposition to the major 

hypothesis of this study that reductions in PVC, WBVC, and/or WBCVC 

would decrease the rate of caffeine metabolism. Although the changes 

in K and t were slight, the direction of the changes do not support 
h 

the above stated hypothesis. If the hypothesis was correct, a de

crease in K from KT-1 to KT-2 and an increase in K from KT-2 to KT-3 

would have been observed. 

The average V decreased slightly from 513 ± 39 to 499 ± 33 to 

497 ± 30 ml kg 1 for KT-1, KT-2, and KT-3, respectively, but the de

crease was not significant (F=1.15 ; df=2,18; p=0.3400). This is 

consistent with the relatively constant average subject weight observed 

at each kinetic trial (see Physical Examination, p.87). While it is 

known that vitamin C is important for the maintenance of connective 

tissue and cellular membranes, a change in V was not expected with the 

alterations in dietary vitamin C intake encountered during this study. 
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As presented in Table 4-13, the average TBC was 74.42 ± 30.25, 

79.11 ± 28.54, and 77.15 ± 33.18 (ml hr *)kg 1; the average RC was 

1.25 ± 0.63, 1.29 ± 0.60, and 1.25 ± 0.61 (ml hr *)kg and the 

average MC was 73.17 ± 29.68, 77.82 ± 28.12, and 75.90 ± 32.69 (ml hr"1) 

kg 1 for KT—1, KT-2, and KT-3, respectively. No statistically signifi

cant change in TBC (F=1.48; df=2,18; p=0.2551), RC (F=0.06; df=2,18; 

p=0.9411), or MC (F=1.49; df=2,18; p=0.2526) occurred during the study. 

Since no overall changes occurred in any of these parameters, no pair-

wise comparisons were made. As noted earlier, during the discussion 

of K and t , the results do not support the hypothesis that altera-
H 

tions in dietary vitamin C intake (and corresponding alterations in 

PVC, WBCVC, and WBCVC) would affect the pharmacokinetics of caffeine 

in elderly men. These findings are consistent with the work of Wilson 

et al. (1976), who studied the effects of vitamin C on the elimination 

of antipyrine in 14 healthy adults ranging in age from 24 to 45 years. 

While this study did not investigate the influence of vitamin C de

pletion, it did investigate the effect of supplemental vitamin C 

(300 to 2400 mg per day) on antipyrine kinetics. In contrast, Houston 

(1977) and Smithard and Langman (1977, 1978) have demonstrated an in

creased metabolic clearance of antipyrine following the administration 

of vitamin C to non-deficient young subjects and to vitamin C-deficient 

elderly subjects. No indication was given in any of the above studies 

as to whether or not any attempts were made to control the dietary in

take of vitamin C or other compounds that could potentially influence 

the metabolism of antipyrine. 
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A summary of the average amount of caffeine excreted unchanged 

in the urine, the average volume of urine excreted, and the average 

urine pH is presented in Table 4-14. A complete presentation of all 

individual urine data is contained in Appendix T. Several additional 

null hypotheses were tested for the various parameters contained in 

this table. The average amount of caffeine excreted in the urine 

during the first 23 hours (Xu203) of each kinetic trial was 5.21 ± 1.42, 

4.86 ± 1.64, and 4.92 ± 1.79 mg for KT-1, KT-2, and KT-3, respectively. 

The percent of the dose excreted during the first 23 hours of each 

kinetic trial was 1.67 ± 0.42, 1.56 ± 0.53, and 1.56 ± 0.48 percent 

for KT-1, KT-2, and KT-3, respectively. Neither the Xu203 , nor the 

corresponding percent of dose excreted were significantly different 

for any of the three kinetic trials (F=0.24; df=2,18; p=0.7890 and 

F=0.27; df=2,18; p=0.7694, respectively). 

The average volume of urine excreted during the first day 

(0-23 hr) of each kinetic trial was 1935 ± 1523, 1919 ± 1322, and 

1654±631 (F=0.40; df=2,18; p=0.6745); the average volume of urine 

excreted during the second day (23 to 47 hr) of each kinetic trial was 

1019 ± 282, 1093 ± 466, and 1146 ± 550 (F=0.31; df=2,18; p=0.7408); 

and the average total volume of urine excreted (0 to 47 hr) for each 

kinetic trial was 2954 ± 1539, 3012 ± 1589, and 2800 ± 1109 (F=0.17; 

df=2,18; p=0.8424). Each of these three average volumes of urine ex

creted were reasonably consistent from trial to trial, and no sig

nificant difference occurred during the study. 



Table 4-14. Summary of average urine data in elderly men (n=10) for all three kinetic trials. 

Trial 

Average Amount of 
Unchanged Caffeine 

Excreted in First 23 hours 
Volume of Urine 

ml 
Excreted, Urine 

[H+]xl07,M Urine pHa 

mg Percent 
of 
Dose 

Day 1 
0-23 
Hours 

Day 2 
23-47 
Hours 

Total Day 1 
0-23 
Hours 

Day 2 
23-47 
Hours 

Day 1 
0-23 
Hours 

Day 2 
23-47 
Hours 

KT--1 5.21 

(1.42) b 
1.67 
(0.42) 

1935 
(1523) 

1019 
(282) 

2954 
(1539) 

8.9693 
(10.7097) 

14.2963 
(13.1379) 

6.05 5.84 

KT--2 4.86 
(1.64) 

1.56 
(0.53) 

1919 
(1322) 

1093 
(466) 

3012 
(1589) 

9.1321 
(8.0102) 

12.1173 
(11.3352) 

6.04 5.92 

KT--3 4.92 
(1.79) 

1.56 
(0.48) 

1654 
(631) 

1146 
(550) 

2800 
(1109) 

1.1385 
(0.8598) 

3.2354 
(1.5961) 

6.94 6.49 

P> overall0 0.7890 0.7694 0.6745 0.7408 0.8424 0.0285 0.0171 — — 

p, KT-1 to 
KT-2 

p, KT-2 to 
KT-3 

P, KT-1 to 
KT-3 

Average urine pH calculated from the average urine hydrogen-ion concentration. 

^Values in parentheses indicate standard deviations. 

Statistically significant difference; p<0.01 for overall comparisons and p<0.0017 for pair-wise 
comparisons. 
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The average hydrogen-ion concentration for the urine samples 

collected during the first day of each kinetic trial was (8.9693 ± 

10.7097)xl0-?M for KT-1, (9.1321± 8.0102)xl0"?M for KT-2, and (1.1385 

— 7 
± 0.8598)xl0 M for KT-3, corresponding to no significant charge during 

the study (F = 4.36; df=2,18; p=0.0285). The average urine pH calculated 

from the average hydrogen-ion concentration for the samples collected 

during the first day of each kinetic trial was 6.05, 6.04, and 6.94 for 

KT-1, KT-2, and KT-3, respectively. The average hydrogen-ion concentra

tion for the urine samples collected during the second day of each kinet

ic trial was (14.2963 ± 13.1379)xl0-7M for KT-1, (12.1173 ± 11.3352)x 

10 for KT-2, and (3.2354 ± 1.5961)xl0 ?M for KT-3, corresponding to 

no significant change during the study (F=5.14; df=2,18; p=0.0171). The 

average urine pH calculated from the average hydrogen-ion concentration 

for the urine samples collected during the second day of each kinetic 

trial was 5.84, 5.92, and 6.49 for KT-1, KT-2, and KT-3, respectively. 

Since no statistically significant overall change in hydrogen-ion con

centration occurred during the study, no pair-wise comparisons were made. 

It is interesting to note that a slight increase in urine pH 

observed between KT-2 and KT-3 corresponds to the period of vitamin C 

supplementation. While it was once thought that vitamin C in the 

appropriate dosage (1-4 g per day) was an effective urinary acidifying 

agent, recent studies-have failed to substantiate this finding (Nahata 

et al., 1977; Hetey et al., 1980). The results of this study indicate 
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that the administration of 1 g of vitamin C per day for two weeks re

sulted in a slight overall increase in mean urine pH of approximately 

0.6 to 0.9 pH units; the significance of this observation is unknown. 

Comparison of Caffeine Pharmacokinetic Data to Other Studies 

Since the average caffeine pharmacokinetic parameters and the 

individual values for a given subject were similar for each of the 

three kinetic trials, a general discussion will be presented comparing 

the pharmacokinetic parameters determined at the time of KT-1 to data 

reported in the literature. To avoid possible confounding effects 

due to variable gastrointestinal absorption, all caffeine was admin

istered intravenously, and no discussion of caffeine absorption will 

be presented. 

Caffeine is reported to distribute freely into total body 

water (Axelrod and Reichenthal, 1953). The distribution-phase half-

life for theophylline (a related methylxanthine) in the elderly was 

reported to be 0.13 hours, indicating rapid distribution (Nielsen-

Kudsk et al., 1978). The average apparent volume of distribution 

determined at KT-1 of 513 + 39 ml kg 1 , is about 16% lower than the 

value of 610 ± 80 ml kg 1 reported for younger healthy subjects 

(Parsons and Neims, 1978), and is consistent with the general reduction 

in plasma albumin concentration (Greenblatt, 1979), total body water, 

and lean muscle mass (Edelman and Leibman, 1959) with increasing age. 
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The major urinary metabolites of caffeine are reported to 

include 1-methyluric acid, 1-methylxanthine, 1,7-dimethylxanthine, 7-

methylxanthine and 1,3-dimethyluric acid (Cornish and Christman, 1957). 

While no quantitative measurements of urinary caffeine metabolites 

were made during this study. The following metabolites could be 

identified in the urine samples from each of the kinetic trials: 1-

methylxanthine, 3,7-dimethylxanthine (theobromine), 1,3-dimethylxan-

thine (theophylline), and 1,7-dimethylxanthine (paraxanthine). With 

the HPLC method employed the latter two compounds essentially co-

eluted. Qualitatively, the urinary metabolite excretory patterns 

were similar for a given subject from one kinetic trial to the next. 

The mean plasma caffeine t. observed at KT-1 was 4.8 hours, 

with a-range of 2.8 to 7.9 hours. These findings are in general 

agreement with the values reported in the literature for healthy 

younger subjects. Axelrod and Reichenthal (1953) reported an average 

mean plasma caffeine t of 3.5 hours with a range of 2.5 to 4.5 hours 
* 

in three healthy, young normal subjects, while Parsons and Neims 

(1978) found a mean saliva caffeine t^ in 13 young, healthy non-

smokers of 6.0 hours with a range of 3.0 to 9.4 hours. 

The mean total body clearance at KT-1 was 74.4 ± 30.3 (ml hr ̂  

kg 1, which is about 21% lower than the clearance of 94 + 18 (ml hr 1) 

kg 1, observed in 13 young, healthy non-smoking subjects [94 ± 18 

(ml hr *)kg 1] by Parsons and Neims (1978). Since their study was 

done using saliva sampling following the oral administration of 
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caffeine, the oral dose may not have been completely absorbed and the 

reported TBC may be an underestimate of the actual value in younger 

adults. 

The average renal clearance of caffeine observed at KT-1 was 

1.25 ± 0.6 (ml hr J)kg J, corresponding to a urinary excretion of unchanged 

caffeine of 1.7% of the dose in the first 23 hours following adminis

tration. While the renal clearance of caffeine has not been reported 

previously in either young or elderly subjects, Axelrod and Reichenthal 

(1953) reported that only 0.5% to 1.5% of a 100 mg intravenous dose of 

caffeine was excreted unchanged in the urine. The metabolic clearance 

observed at KT-1 was 73.17 ± 29.68 (ml hr *)kg No reported values 

for metabolic clearance are available for comparison. 

The various pharmacokinetic characteristics investigated in 

these ten elderly men are in general overall agreement with data re

ported for younger subjects. A reduction in TBC with increasing age 

for compounds excreted primarily by the kidneys as a result of a re

duction in renal clearance is well documented (Ewy et al., 1969; 

Kristensen et al., 1974; Ball et al., 1978; Ochs et. al.., 1978) . Al

though hepatic function is generally considered to remain stable 

throughout life, studies with bromsulphalein retention have yielded 

conflicting results (Thompson et al., 1965; Koff et al., 1973). Drug 

metabolism in any age group is influenced by many physiologic and 

environmental factors. In this study, potentially confounding envi

ronmental factors were carefully controlled. The results indicate 

that the elimination of caffeine in a group of ten healthy, elderly 
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volunteers with apparently normal renal, hepatic and cardiopulmonary 

functions is diminished relative to younger subjects. Since the K is 

similar to the value observed in younger subjects, it appears that 

the reduced TBC observed in this elderly group is offset by (is 

compensated for by) a concomitant reduction in their V. 



CHAPTER 5 

CONCLUSIONS 

The overall objective of this study was to evaluate the influ

ence of vitamin C on the pharmacokinetics of caffeine in ten elderly 

males. The specific aims were: to identify and select ten male vol

unteers; to evaluate their physical and nutritional condition; to 

evaluate the plasma, whole blood, and leukocyte vitamin C (PVC, WBVC, 

and WBCVC) before and after a period of vitamin C depletion, and after 

a period of vitamin C supplementation; to investigate the pharmaco

kinetics of caffeine before and after a period of dietary vitamin C 

depletion and after a period of vitamin C supplementation; and to 

evaluate the relationship between PVC, WBVC, and/or WBCVC and the 

plasma half-life (t, ) and metabolic clearance (MC) of caffeine. 
H. 

Summary 

Hypothesis 

It was postulated that a reduction of the daily dietary vitamin 

C intake would decrease the mean PVC, WBVC, and WBCVC of an elderly 

population sample. It was also postulated that these alterations in 

vitamin C concentration would decrease the rate at which caffeine 

would be metabolized, producing a reduction in MC and a prolonged t, . 

Finally, it was postulated that increasing the daily dietary vitamin C 

intake of the elderly population sample would increase the PVC, WBVC, 

196 
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WBCVC, and the rate at which caffeine would be metabolized resulting 

in an increased MC and a shortened tx , 
-5 

Methods 

A clinical project involving ten men, aged 66 to 86 years, was 

conducted over a 15-month period at the University of Arizona Health 

Sciences Center and College of Pharmacy. The study consisted of three 

phases: a pre-clinical phase, a clinical phase, and a post-clinical 

phase (see Appendix A). The pre-clinical phase included the identifi

cation, screening, and selection of subjects; the development of the 

vitamin C assay; the development of the caffeine assay; the develop

ment of a vitamin C-deficient diet; and ten preliminary kinetic trials 

in a young volunteer. The clinical phase involved the hospitalization 

of the ten subjects and the intravenous administration of caffeine at 

three different times corresponding to three different levels of 

vitamin C intake. The first kinetic trial was conducted following the • 

preliminary screening procedures, but prior to any alteration in diet 

or intervention with supplemental vitamin C. The second kinetic trial 

was conducted approximately four to five weeks later, following a 

period of dietary vitamin C restriction. The third kinetic trial was 

conducted two weeks later, following a period of vitamin C supplemen

tation. The post-clinical phase consisted of a discharge physical ex

amination, a nutritional evaluation, reimbursement of the subjects for 

their participation in the study, and the evaluation of the data 

collected. 
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Subject identification was accomplished over a period of six 

months by personal presentation of^the project to several groups 

having a membership consisting predominantly of individuals over 65 

years old, and by written announcement of the project in local news 

letters that are distributed primarily to the elderly. Over a six-

month period approximately 100 individuals expressed a desire to be 

considered for the study. The preliminary screening was accomplished 

using a written questionnaire (see Appendix D) and a telephone inter

view (see Appendix E). Of the approximately 100 men expressing an 

interest in the study, over 60 appeared to be reasonably well qualified 

for the study. Thirty-four men were given a nutritional evaluation, 

consisting of a Dietary History (Appendix F), a Twenty-four Hour Re

call of Food Intake (Appendix G), and a Food Frequency Questionnaire 

(Appendix H). In addition,several anthropometric measurements were 

recorded including height, weight, upper arm circumference, and upper 

arm skin fold thickness. Approximately six months later, 15 of the 

34 men were given a complete health history and physical examination. 

Ten men were selected for the study. 

Results 

Demographic Data. The average DVCI for the ten subjects at 

the time of the initial nutritional evaluation was 168 ± 88 mg. The 

average age at this time was 72 ± 7 years, and the average weight was 

77 ± 6 kg. The anthropometric measurements made at the time of the 

nutritional evaluation indicated that all of the subjects were 
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generally well-nourished. The health, history and physical examination 

indicated that all ten subjects were healthy with normal histories, 

laboratory findings, chest x-rays, and electrocardiograms. All of 

the subjects had normal kidney function as indicated by BUN and CrCl 

values. 

Plasma, Whole Blood, and Leukocyte Vitamin C Determinations. 

The PVC, WBVC, WBCVC, WBC count, and NWBCVC values observed during the 

study are summarized in Tables 4-5 and 4-12. All of the mean vitamin 

C values determined at KT-1 were within the normal ranges for the re

spective biologic fluid or tissue concentrations. Twenty percent of 

the subjects had PVC, WBVC, and NWBCVC values below the normal range, 

and 50 percent of the subjects had WBVC values below the normal range. 

Without exception, all of the mean vitamin C values changed signifi

cantly during the study. The mean PVC, WBVC, and NWBCVC decreased 

significantly between KT-1 and KT-2 following a period of dietary 

vitamin C restriction. The mean PVC, WBVC, WBCVC, and NWBCVC in

creased significantly between KT-2 and KT-3 following a period of 

vitamin C supplementation. The WBC count at KT-1 and KT-2 was nearly 

identical, but decreased significantly from KT-2 to KT-3. In all 

instances the individual and mean vitamin C concentrations observed at 

KT-3 were higher than those observed at KT-1 and KT-2. All of the 

decreases and increases in the individual and mean vitamin C concen

trations paralleled the observed decreases and increases in DVCI, and 
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agree with the work of other investigators (Hodges et al., 1971; 

Baker et al., 1971; Bates et al., 1979). 

Caffeine Pharmacokinetics. A summary of the average K, t, , 

V, TBC, RC, and MC is presented in Table 4-13. No statistically sig

nificant changes were observed in any of these parameters. The mean 

elimination rate constant increased slightly from KT-1 to KT-2 and 

then decreased slightly from KT-2 to KT-3, but neither the overall 

change, nor any of the individual pair-wise comparisons reached the 

level required for statistical significance. The mean half-life 

decreased from KT-1 to KT-2 and increased from KT-2 to KT-3, but the 

changes were not statistically significant. The apparent volume of 

distribution decreased slightly from KT-1 to KT-2, and then decreased 

again slightly at KT-3. The average total body clearance and meta

bolic clearance increased slightly from KT-1 to KT-2, and then 

decreased slightly from KT-2 to KT-3. The average renal clearance 

remained constant throughout the study. With the exception of V and 

TBC, the various pharmacokinetic characteristics investigated are in 

general overall agreement with data reported for younger subjects. 

The average apparent volume of distribution determined at KT-1 is 

about 16% lower than the value reported for young, healthy subjects 

(Parsons and Neims, 1978). Similarly, the mean total body clearance 

observed at KT-1 is about 21% lower than the clearance observed in 

13 young, healthy subjects (Parsons and Neims, 1978). Since the av

erage elimination rate constant observed in these elderly subjects is 

similar to the value observed in younger subjects, it appears 
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that the reduction in the average TBC observed in this elderly group 

is offset by (is compensated for by) a concomitant reduction in 

their V. 

Relationship Between Vitamin C and Caffeine Pharmacokinetics. 

The mean PVC, WBVC, and WBCVC all changed characteristically during 

the study corresponding to the periods of dietary vitamin G restric

tion and supplementation. No statistically significant alterations 

in the average K, t^, TBC, RC, and/or MC occurred during the same 

periods of dietary vitamin C restriction and supplementation, and 

no relationship between vitamin C intake and/or body levels and the 

pharmacokinetics of caffeine was observed. It should be noted that 

the dietary intake of vitamin C was very well controlled, and that 

compounds that could potentially affect the metabolism of caffeine 

were restricted during the study. 

Conclusions 

Based upon the results presented, the following conclusions 

have been reached: 

1. The mean PVC, WBVC, WBCVC, and NWBCVC at KT-1 were well within 

the normal range and comparable to values reported in younger 

subjects; 20% of the subjects presented with initial PVC and 

WBVC values below the normal range and 50% of the subjects 

presented with WBCVC values below the normal range. 

2. The mean PVC, WBVC, WBCVC, and NWBCVC decreased and increased 

with dietary vitamin C restriction and supplementation in a 
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manner consistent with the reported relationships observed in 

younger subjects. 

3. The administration of 1 g of vitamin C per day for two weeks 

resulted in a slight overall increase in mean urine pH, which 

is in contrast to the slight decrease in urine pH reported 

following the administration of larger doses of vitamin C 

(i.e., up to 6 g per day) for similar periods of time. 

4. The mean K, t, , V, TBC, RC, and MC values for caffeine prior 

to any dietary modification were similar to the values ob

served by other investigators in younger subjects. The lower 
( 

values of V and TBC, relative to values reported in younger 

subjects, indicates a somewhat reduced elimination of caf

feine in the elderly. 

5. , The mean K, t. , V, TBC, RC, and MC values remained essentially 
h 

constant throughout the study. 

6. Under the conditions of this study no relationship was ob

served between vitamin C intake and/or body concentrations 

and the pharmacokinetics of caffeine. 

Recommendations 

The results presented indicate that the metabolism of caffeine 

in the elderly is not influenced by vitamin C under the conditions 

investigated during this study. A possible explanation for this con

clusion is that vitamin C is not involved in the enzymatic demethyla-

tion of caffeine in the elderly. However, since a substantial body 
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of evidence indicates that oxidative N-demethylation reactions are in

fluenced by vitamin C in animal models (Zannoni and Lynch, 1973), it 

is also possible that the decreases in vitamin C concentrations 

achieved during this study were not great enough to produce a signifi

cant change in caffeine metabolism. While the arbitrary restriction 

of dietary vitamin C intake to 15 mg per day was reasonable for sub

ject acceptance and adequate to produce a significant decrease in mean 

PVC, WBVC, and WBCVC within four to five weeks, it would be interesting 

to investigate the effect of vitamin C on the pharmacokinetics of 

caffeine after a longer period of dietary vitamin C restriction. All 

of the studies investigating the relationship between vitamin C and 

drug metabolism in guinea pigs have indicated that vitamin C deple

tion to near-scorbutic levels is required before any alteration in 

drug metabolism is observed. If this is true in man, approximately 

90 to 100 days of total dietary vitamin C restriction may be necessary 

before alterations in drug metabolism would be observed. Ethical 

considerations make this type of study difficult in humans. 

If this study were repeated with caffeine or other related 

methylxanthines like theophylline, the following recommendations are 

suggested. First, it would be interesting to totally restrict each 

subjects' intake of caffeine for about two weeks prior to the begin

ning of the study. This might help to make their elimination charac

teristics more similar since caffeine may stimulate its own metabolism 

(Mitoma et al., 1968; Lombrozo and Mitoma, 1970). Second, it would 

be important to regulate the composition of the diet ingested, 
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especially with respect to protein, carbohydrate, and fat, since these 

three major dietary constituents have been shown to influence the 

pharmacokinetics of certain drugs (Alvares et al., 1976). Third, it 

would be helpful to administer larger intravenous doses of caffeine 

than used in this study and withdraw all blood samples contralaterally. 

This would result in higher initial caffeine plasma concentrations, 

and it would allow for the evaluation of multicompartmental pharmaco

kinetic characteristics. Fourth, it would be interesting to monitor 

caffeine plasma protein binding. While no changes in binding have 

been reported with changes in vitamin C intake, it would be valuable 

to document any possible alterations. Fifth, it may be important to 

regulate fluid intake during each kinetic trial. Although unchanged 

caffeine is excreted to a very small degree in the urine, it was noted 

that subjects ingesting larger amounts of water during the first 24 

hours after caffeine administration had correspondingly larger urine 

output volumes and had higher K values than subjects ingesting smaller 

amounts of water with correspondingly smaller urine output volumes, 

while the percentage of caffeine excreted unchanged in the urine was 

similar in all subjects. The significance of this observation is unknown. 

Finally, it would be useful to quantitate the metabolites excreted in the 

urine to determine if metabolic excretory patterns are altered during 

vitamin C depletion and supplementation. To accomplish this, appropri

ately timed and measured blank urine collections would be required. 

While caffeine was a suitable compound for this study in many 

respects, the fact that it is potentially metabolized to endogenous 
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compounds presents a problem with respect to quantitation of metabo

lites in the urine. If the study were repeated with a different 

compound, it would be helpful to select a compound that has been 

studied in animal systems for potential vitamin C-dependent metabolism. 

Also, it would be wise to select a compound that has been thoroughly 

investigated in man with respect to its metabolic profile. Other com

pounds of interest that may exhibit vitamin C-dependent metabolism 

include: amphetamine, antipyrine, chlorpromazine, codeine, Coumadin, 

hexobarbital, meperidine, pentobarbital, phenacetin, phenylbutazone, 

probenicid, theophylline, and thiopental. Of these compounds, anti

pyrine would perhaps be the first choice for additional investigations, 

since it meets the above criteria, as well as other important criteria 

in this regard. It is possible that the elimination of antipyrine 

might have been altered with the changes in vitamin C concentrations 

obtained during this study, since it is metabolized by a different 

pathway that is perhaps more sensitive to alterations in the concen

trations of vitamin C in the body. 

In addition to the possibility of investigating the effect 

vitamin C has on the metabolism of other drugs, similar studies should 

be conducted using younger subjects to determine if the interaction 

is dependent upon the age of the subject. Similarly, studies should 

be conducted using both males and females to determine whether or nor 

the interaction exhibits any sex-dependence. 
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This study was intended to provide a basis for additional 

clinical studies investigating the potential influence of nutrition 

on drug metabolism in the elderly. While many studies have investi

gated pharmacokinetics in the elderly, relatively few studies have 

investigated the relationship between nutrition and pharmacokinetics 

in this age group. Although nutrition is only one of the many factors 

influencing the pharmacokinetics of any age group, it is an especially 

important factor when considering the elderly, since this segment of 

the population has been shown to be susceptible to nutrient deficien

cies. Many fundamental questions regarding the general nature of 

nutrient-drug metabolism interactions remain unresolved at present, 

and properly designed and controlled clinical investigations are 

needed to clarify the interrelationships between specific nutrients 

and pharmacokinetics in the elderly. 



APPENDIX A 

STUDY DESIGN OUTLINE 

I. Pre-clinical Phase 

A. Subject Identification 
B. Preliminary Screening 
C. Nutritional Evaluation 
D. Physical Examination 
E. Laboratory Tests 
F. Inclusion or Exclusion of Subjects 

II. Clinical Phase 

A. Week 1: First Kinetic Trial (KT-1) 
1. I.V. dose of caffeine and collection of blood and 

urine samples 
2. begin vitamin C-restricted diet 
3. begin vitamin-multimiueral supplementation 

B. Weeks 2-4: Collection of blood sample for vitamin 
C assay 

C. Week 5: Second Kinetic Trial (KT-2) 
1. continue vitamin C-restricted diet 
2. continue vitamin-multimineral supplementation 
3. begin vitamin C supplementation 

D. Week 6: Collection of blood sample for vitamin 
C assay 

E. Week 7: Third Kinetic Trial (KT-3) 
1. discontinue vitamin C-restricted diet 
2. discontinue vitamin-multimineral supplementation 
3. discontinue vitamin C supplementation 

III. Post-clinical Phase 

A. Physical Examination 
B. Laboratory Tests 
C. Nutritional Evaluation 
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APPENDIX B 

APPARATUS 

1. Balance, Sartorius analytical balance, Type 2842, 
Sartorius Balances, Div. of Brinkmann Instruments, Inc., 
Westbury, NY 11590 

2. Centrifuge, International centrifuge, Model HN, 
International Equipment Co., 
Needham Heights, MA 02194 

3. Chromatograph, Altex high-performance liquid chromatograph, 
Model 322, Altex Scientific Co., 
Berkeley, CA 94710 

4. Column, Altex analytical column, Spherisorb-ODS 10 ym, 
4.6 mm X 250 mm, Altex Scientific Co., 
Berkeley, CA 94710 

5. Column, Altex analytical column, Ultrasphere-ODS 5 ym, 
4.6 mm X 150 mm, Altex Scientific Co., 
Berkeley, CA 94710 

6. Detector, Hitachi variable wavelength detector, Model 100-30, 
Hitachi Scientific Instruments, 
Mountain View, CA 94040 

7. Hemacytometer, Bright-line hemacytometer, 
Scientific Instrument Division, American Optical Corp., 
Buffalo, NY 14215 

8. 'Integrator, Autolab Minigrator, 
Spectra-Physics, 
Santa Clara, CA 95051 

9. Microcentrifuge, Eppendorf high-speed microcentrifuge, 
Model 5412, Brinkmann Instruments, Inc., 
Westbury, NY 11590 

10. Microscope, AO Series Fifty, 
Scientific Instrument Division, American Optical Corp., 
Buffalo, NY 14215 
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Pre-column, CorPell ODS pre-column, 
Whatman, Inc., 
Clifton, NJ 07014 

Recorder, Kipp and Zonen strip chart recorder, Model BD 40, 
Kipp and Zonen, 
Delft, The Netherlands 

Spectrophotometer, Beckmann grating spectrophotometer, 
Model DB-G, Scientific Instruments Division, 
Beckman Instruments, Inc., 
Irvine, CA 92713 

Syringe, Hamilton Model 702-SNR, 25 yl, 
Hamilton Co., 
Reno, NV 89510 



APPENDIX C 

MATERIALS 

Administered Drugs, Solutions, and Vitamins 

Bacteriostatic Sodium Chloride Injection, U.S.P., 
30 ml multiple-dose fliptop vial, Lot No. 05-474-DK, 
Abbott Laboratories, 
North Chicago, IL 60064 

Caffeine and Sodium Benzoate Injection, U.S.P., 
500 mg per 2 ml, Ampoules No. 11, Lot No. 3MJ90A, 
Eli Lilly and Co., 
Indianapolis, IN 46206 

Heparin Lock Flush Solution, U.S.P., 
100 U.S.P. units per ml, 1.0 ml, Lot No. 4792045, 
Wyeth Laboratories Inc., 
Philadelphia, PA 19101 

High potency vitamin-multimineral formula tablet, 
without vitamin C, Centrum**, Lot No. 723757, 
Lederle Laboratories Division, American Cyanamid Co. 
Pearl River, NY 10965 

Vitamin C, 250 mg, orange flavor, chewable tablet, 
Lot No. C106068-01, 
Roche Chemical Division, Hoffmann-La Roche Inc., 
Nutley, NJ 07110 

Caffeine Assay Reagents 

Acetic acid (HAc), Reagent Grade, 
E.I. DuPont de Nemours and Co., 
Wilmington, DE 19898 

Acetonitrile (ACN), HPLC Grade, Lot No. AE646, 
Burdick and Jackson Laboratories, Inc., 
Muskegon, MI 49442 

Chloroform (CHCI3), Analytical Reagent, Lot No. KJBK 
Mallinckrodt, Inc., 
St. Louis, MO 63147 
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4. 1,3-Dlmethylurlc acid (1,3-DMU), 
Adams Chemical Co., 
Round Lake, IL 60073 

5. 1,3-Dimethylxanthine (1,3-DMX), theophylline, Lot No. 
107C-0064, Sigma Chemical Co., 
St. Louis, MO 63178 

6. 1,7-Dimethylxanthine (1,7-DMX), paraxanthine, Lot No. 
59C-0425, Sigma Chemical Co., 
St. Louis, MO 63178 

7. 3,7-Dimethylxanthine (3,7-DMX), theobromine, Lot No. 18C-0061, 
Sigma Chemical Co., 
St. Louis, MO 63178 

8. g-Hydroxypropyltheophylline (BHPT), proxyphylline, Lot No. 
16376, Knoll Fine Chemicals, Inc., 
New York, NY 10022 

9. Hypoxanthine (HX), Grade A, Lot No. 902966, 
Calbiochem-Behring Corp., 
La Jolla, CA 92037 

10. Isopropyl alcohol (IsOH), Analytical Reagent, Lot No. HCE, 
Mallinckrodt, Inc., 
St. Louis, MO 63147 

11. 1-Methyluric acid (1-MU), 
Adams Chemical Co., 
Round Lake, IL 60073 

12. 7-Methyluric acid (7-MU), Purum, Lot No. B918634, 
Tridom Chemical Inc., 
Hauppauge, NY 11787 

13. 1-Methylxanthine (1-MX), 
Adams Chemical Co., 
Round Lake, IL 60073 

14. 3-Methylxanthine (3-MX), Purum, Lot No. B846949, 
Tridom Chemical Inc., 
Hauppauge, NY 11787 

15. 7-Methylxanthine (7-MX), Lot No. G1504X, 
Vega Biochemicals, 
Tucson, AZ 85714 
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16. Sodium acetate (NaAc), Analytical Reagent, 
Mallinckrodt, Inc., 
St. Louis, MO 63147 

17. Sodium benzoate (SB), Analytical Reagent, Lot No. CB690, 
Matheson, Coleman, and Bell Manufacturing Chemists, 
Norwood, OH 45212 

18. Sodium phosphate, monobasic (NaH^POit), Analytical Reagent, 
Lot No. BMNA, 
Mallinckrodt, Inc., 
St. Louis, MO 63147 

19. Sodium tungstate, dihydrate(Na2W04-2^0), Lot. No. 713368, 
J. T. Baker Chemical Co., 
Phillipsburg, NJ 08865 

20. 1,3,7-Trimethylxanthine (1,3,7-TMX), caffeine, Baker grade, 
Lot No. 801333, J. T. Baker Chemical Co., 
Phillipsburg, NJ 08865 

21. Uric acid (UA), Lot No. 64C-02061, 
Sigma Chemical Co., 
St. Louis, MO 63178 

22. Xanthine (X), Grade A, Lot No. 801028, 
Calbiochem-Behring Corp., 
La Jolla, CA 92037 

Vitamin C Assay Reagents 

1. L (+) Ascorbic acid (AA), vitamin C, A.C.S. Grade, Lot No. 
7G27, Matheson, Coleman, and Bell Manufacturing Chemists, 
Norwood, OH 45212 

2. 2,6-Dichloroindophenol sodium (DCIP), A.C.S. Grade, 
Lot No. 828155, 
J. T. Baker Chemical Co., 
Phillipsburg, NJ 08865 

3. 2,4-Dinitrophenylhydrazine (DNPH), Laboratory Grade, 
Lot No. AGB, 
Eastman Kodak Co., 
Rochester, NY 14650 
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4. Methyl cellulose (MC), 15 centipoises, Laboratory Grade, 
Lot No. 784140, 
Chemical Manufacturing Division, Fisher Scientific Co., 
Fair Lawn, NJ 07410 

5. Sodium Chloride (NaCl), Analytical Reagent, Lot No. EDB, 
Mallinckrodt, Inc., 
St. Louis, MO 63147 

6. Sulfuric acid (I^SOt,.), A.C.S. Grade, Lot No. 2048362, 
J. T. Baker Chemical Co., 
Phillipsburg, NJ 08865 

7. Trichloroacetic acid (TCA), A.C.S. Grade, Lot No. 791333, 
Chemical Manufacturing Div., Fisher Scientific Co., 
Fair Lawn, NJ 07410 

8. Thiourea (TU), Laboratory Grade, Lot No. WENJ, 
Mallinckrodt, Inc., 
St. Louis, MO 63147 
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APPENDIX D 

SUBJECT IDENTIFICATION QUESTIONNAIRE 

Personal Information: (Please Print) 

Name: Age: 

Address: Phone: 

Weight: Height: 

Questions: (Please circle 'yes '  or ,no' and respond if your answer 
is 'yes') 

1. Are you presently suffering from any diseases? YES NO 
If so, what? 

2. Are you presently under a doctor's care? YES NO 
If so, for what? 

3. Are you presently taking any prescription medication? YES NO 
If so, what? 

4. Are you presently taking any over-the-counter medication? YES NO 
If so, what? 

5. Are you presently taking any vitamin preparations? YES NO 
If so, what? 

6. Do you smoke, or have you smoked within the past year? YES NO 
If so, how much? 

7. Do you consume any alcoholic beverages, or have you within the 
past year? YES NO 
If so, how much? 

8. Do you consume more than three (3) cupsful or glassesful per day 
of coffee, tea, cola, or other caffeinated beverages? YES NO 

9. Do you consume more than two (2) servings per day of any of the 
following foods: citrus fruits and/or juices; yellow and/or 
green vegetables; or potatoes? YES NO 

10. Are you presently trying to lose or gain weight? YES NO 
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APPENDIX E 

TELEPHONE INTERVIEW 

NAME: DATE: 

Opening Remarks: Greeting; exclusion conveyed to those disqualified 
by questionnaire. 

1. Do you have any questions about the study? YES NO 
Comments: 

Explanation of the study: general info.i time frame, location, 
investigators, restrictions, I.V. caffeine, 
collections, transportation. 

2. Do you have any questions about the study? YES NO 
Comments: 

3. From what you know now, would you still like to be considered? 
YES NO 

Phone Interview: 

4. Do you presently have a physician? YES NO 

5. Would you object to my contacting him/her? YES NO 

6. What is his/her name? 
and phone number? 

7. Is the information you recorded on the questionnaire still 
correct, as you can recall it? YES NO 

8. You indicated you (are, are not) presently taking any prescription 
medication. Is this still correct? YES NO 

9. You indicated you (are, are not) presently taking any over-the-
counter medication. Do you ever take anything for: 

Headaches? YES NO What? 
Constipation? YES NO What? 
Heartburn? YES NO What? 
Congestion? YES NO What? 
Hemorrhoids? YES NO What? 
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10. You indicated that you (do, do not) take vitamins. Would you 
be willing to discontinue these for two weeks prior to the 
beginning of the study until the conclusion of the study? YES NO 

11. You indicated that you (have, have not) smoked within the past 
year. Have you ever smoked? YES NO 
How long ago did you quit? 

12. You indicated that you (have, have not) consumed alcoholic 
beverages within the past year. How long has it been since 
your last intake? 
Would you be willing to abstain for two weeks prior to the 
beginning of the study until the conclusion? YES NO 

13. You indicated that you (do, do not) consume more than 3 cupsful/ 
glassesful of coffee, tea, cola, etc. per day. How much do you 
consume per day? 
Would you be willing to abstain for the period of the study? 
YES NO 

14. You indicated that you (do, do not) consume more than two 
servings of fruits or vegetables. How much do you consume 
per day? 
Would you be willing to restrict your, intake of vitamin C 
containing foods for the period of the study? YES NO 

15. If you are selected and decide to participate in the study, you 
will have to come to the hospital a total of fourteen times. 
Will transportation be a problem for you? YES NO 
How will you get to the hospital? 

Closing Remarks; thank you, time frame, considerability, standing. 

16. Do you have any other questions? 
Comments: 



APPENDIX F 

DIETARY HISTORY 

Record the intake pattern of a "typical" (24-hour) day, note dif
ferences if this pattern is not typical of weekends, certain week 
days, certain weeks on a regular basis. If differences are signif
icant and regular, record all different "typical" patterns. Specify 
the types and amounts of foods eaten at all meals and snacks, and 
the timing and location of each: (If additional space is needed, 
use the back of this page.) 

WHERE AND WHAT TYPES OF MEALS AND SNACKS ARE EATEN: 

#/ day ///week Type of meal or snack (describe typical) 

Home 

Work 

Restaurant 

Other (specify) 

DIETARY SUPPLEMENTS (types, amounts, and frequency): 

ALCOHOL INTAKE (type, amounts, and frequency): 

SPECIAL DIET MODIFICATIONS, FOOD INTOLERANCES AND/OR FOOD ALLERGIES: 

GENERAL COMMENTS (use of convenience foods, frequency of skipped 
meals, etc.): 
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APPENDIX G 

TWENTY-FOUR HOUR RECALL OF FOOD INTAKE 

NAME: Code #: 
Date: 

TIME AND PLACE FOOD/DRINK 

Breakfast: 

Morning: 

Lunch: 

Afternoon: 

Dinner: 

Evening: 

During Night: 
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APPENDIX H 

FOOD FREQUENCY QUESTIONNAIRE 

Put the number of servings in the appropriate space next to each food 
to indicate how often that food is included in the- subject's diet. 
Note specific brands, methods of preparation, etc. 

[
D
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n
t
h
l
y
 

Y
e
a
r
l
y
 

N
e
v
e
r
 

1. Beef and veal 
2. Egg 

H <! CO 3. Fish -fresh and salt water 
W W 
§ H 4. Lamb 

P H 5. Luncheon meats, hot dogs, sausage 
§ W 
H 6. Organ meats 
M 

H ffl 7. Peanut butter 
<j p 
© M 

8. 
9. 
10. 

Pork 
Poultry 
Shellfish 

11. Chile con carne with or without beans 
ts 
o 12. Chop suey 
M 
H cn 13. Enchiladas 
<S W 
a a 14. Macaroni and cheese 
H C/3 
CO M 15. Pizza 
S O 
o 16. Spaghetti with sauce 
u 17. Tacos 

18. Cheese 

w 19. Cottage cheese • 

EH 
p3 O 20. Cream 
M to 
<3 n 21. Ice cream and sherbet 
° 9 Pi 22. Milk 

PM 23. Yogurt 

w 
w 
,J 24. Asparagus 
m 25. Beans - dried 
EH 
W 26. Beans - green and wax 
cs 
w 
> 
27. Beets cs 

w 
> 
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Food Frequency Questionnaire, continued 
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28. Cabbage family vegetables—~ 
broccoli, brussels sprouts, 
cabbage, cauliflower, onions 

29. Carrots 
30. Celery 
31. Corn 
32. Cucumber 
33. Greens 
34. Lettuce 
35. Mixed vegetables 
36. Mushrooms 
37. Peas 
38. Peppers - red, green, chile 
39. Potatoes 
40. Spinach 
41. Squash - green and yellow 
42. Tomatoes and tomato juice 
43. Turnips and rutabagas 

! 

i 

F
R
U
I
T
S
 

44. Apple and apple juice 
45. Apricot and apricot nectar 
46. Avocado 
47. Banana 
48. Berries and berry juice 
49. Cherries and cherry juice 
50. Fruit cocktail 
51. Grapefruit and grapefruit juice 
52. Grapes, raisins, and grape juice 
53. Lemons, limes, and lemon or lime juice 
54. Melon 
55. Orange and orange juice 
56. Peach and peach nectar 
57. Pear and pear nectar 
58. Pineapple and pineapple juice 
59. Plums, prunes, and prune juice 

B
R
E
A
D
S
 
A
N
D
 

C
E
R
E
A
L
S
 60. Bread 

61. Bread crumbs and breading 
62. Cold cereals 
63. Cooked cereal 
64. Crackers 
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Food Frequency Questionnaire, continued 
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X! 4J 
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B
R
E
A
D
S
 
A
N
D
 

C
E
R
E
A
L
S
,
 
c
t
d
.
 

65. Donuts and sweet rolls 
66. Noodles, macaroni, and spaghetti 
67. Pancakes and waffles 
68. Rice 
69. Roll, biscuit, and muffin j 
70. Tortilla 

D
E
S
S
E
R
T
S
 

71. Cake 
72. Cookies 
73. Custard 
74. Gelatin 
75. Pie 
7 6. Pudding 

' 

i 
I 

F
A
T
S
 

77. Butter 
78. Lard and bacon fat 
79. Margarine 
80. Mayonnaise 
81. Oil 
82. Salad dressing 
83. Shortening 

M
I
S
C
E
L
L
A
N
E
O
U
S
 

84. Alcohol 
85. Candy 
86. Coffee 
87. Mustard, catsup, steak and other sauces 
88. Nuts 
89. Pickles, olives, relishes 
90. Potato chips, corn chips, pretzels 
91. Soda pop 
92. Soup and bouillon cubes 
93. Spices and herbs 
94. Sugar, honey, jelly, syrup 
95. Tea 

O
T
H
E
R
 

96. 
97. 
98. 
99. 
LOO. 



APPENDIX I 

THREE-DAY RECORD OF FOOD INTAKE3 

Instructions 

We are asking you to keep a complete record of everything that you eat 
and drink for three (3) days. The enclosed sheets provide a chart to 
record this information. There are three sheets, one for each day. 

Every time you eat or drink something, write down: what you ate or 
drank, how much, what kind, and how it was prepared (baked, boiled, 
fried, etc.). List each food and drink separately and include every
thing. Be as complete as possible in describing each item. For 
example, if you eat a ham sandwich: 

Rather than just. 

bread 
ham 
mayonnaise 
tomato 

Describe as: 

2 slices whole wheat bread 
3 ounces boiled ham 
1 teaspoon imitation (lowcal) mayonnaise 
1 slice tomato 

If you had some pizza or some ice cream: 

Rather than just.... Describe as: 

2 slices pizza 

1 dish ice cream 

2 slices of a 12-inch round pizza with 
sausage, mushrooms and cheese 
1 cup vanilla fudge ice cream 

Whenever possible fill out the record right after you have eaten or 
had something to drink. Check at the end of each day to see if you 
have left anything out. 

Thank you for your help-

Consists of one instruction sheet and three daily eating record sheets. 
One example is given on next page. 
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Daily Eating Record 

Day 1 (2, 3) 
NAME: CODE #: 

DATE: 

TIME AND PLACE FOCD/DRINK 

Breakfast 

Morning 

Lunch 

Afternoon 

Dinner 

Evening 

During Night 



APPENDIX J 

NUTRITIONAL EVALUATION SUMMARY SHEET 

NAME: 
ADDRESS: 

CODE: 
TELEPHONE: 
AGE: ~ _DATE: 

Heiaht (cm): Welsht (lea) : Hody Sni-fnr» Arpn (m2> : 

Arm Circumference (cm): Percentile: Sltln Fold ThlrknpsR Cmm): 

Arm Area (cm2): Percentile: Arm Muscle Circumference (rcn) : Peri'sntllo: 
Arm Muscle Area (cm?): Percentile: Fnf Avon (rm2'> ; 

Flexed Biceps CircumfereSSe: Percentile: Lean Body Mass (kg): Percentile: 

IlrtnFSTTnNNATRE Awn PBOWF. THTERVTEU DATE: 

1. Disease: T N what: 
2. M.D.Care: 7 N What: 
3. RxMeds: 7 N What: 
4. OTCMeds: 7 N Hhat: 
5. Vitamins: 7 N What: 

6. Smoker: 7 N Quit: 

7 N 

7. Alcohol: 7 N 
8. Coffee: 7 N 
9. Vit. C: 7 N 
10. Height: 7 N 

Freq? 
Freq? 
Freq? 

Telephone:_ 

Abstain: 7 N 
Abstain: 7 N 
Abstain: 7 N 
Abstain: 7 N 

OTC Meds: History: 
Headaches: 7 N What? Arthritis: 7 N When? 
Constipation: 7 N What? Asthma: 7 N When? 
Heartburn: 7 N What? Heart Disease: 7 N When? 
Congestion: 7 N What? Hypertension: 7 N When? 
Hemorrhoids: 7 N What? Liver-Kidney: 7 N When? 
Other: . Other: When? 

Transportation: Trips: 
Consents: 

III.DIETAR7 HIST0R7 DATE: 
Breakfast: Lunch: Dinner: 

Horning Snack: Afternoon Snack: Evening Snack: 

Heals pec day at home: 
Heals per out: 
Dietary Supplements: 

Type: 
Type: 

Dietary Modification or Food Allergies: 
Cooments: 

I V.TWENTY-FOUR HOUR RECALL Vitamin C Content Calorie Content 
Breakfast: Lunch: Dinner: 

Horning Snack: Afternoon Snack: Evening Snack: 

V .SEVENTY-TWO HOOR EATING RECORD Returned 7 DATES: 
Vitamin C content: Day-1_ 
C omenta: 

Day-2 , Day-3_ Calorie Content: Day-1_ Day-2 , Day-3_ 

VIFOOD FREQ0ENC7 Serv/Mo.,Vlt.C/day VII. COMMENTS 
Meats * Meat Subst: 
Combination Dishes: 
Vegetables: 
Fruits: 
Breads & Cereals: 
Desserts: 
Fats: 
Miscellaneous: 
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APPENDIX K 

LAY SUBJECTS' CONSENT FORMS 

Original Form 

The Effect of Vitamin C on Pharmacokinetics in the Elderly 

I am being asked to participate in a study at The University of 
Arizona Health Sciences Center to evaluate the effect of ascorbic acid 
(vitamin C) on the elimination of caffeine (found in coffee, tea, and 
cola drinks) in men over 65 years of age. 

I understand that the major goals of this study are to evalu
ate my general health and nutritional status, and then measure how 
vitamin C levels in my blood cells and plasma affect the way my body 
handles (gets rid of) caffeine before, during, and after treatment with 
vitamin C. 

I realize that the study will take four to seven weeks to com
plete, and that the following restrictions will be required during 
that period: 

a) I will not be able to smoke cigarettes, cigars, pipes, or 
chew tobacco. 

b) I will not drink any alcoholic beverages, nor take any medi
cations . 

c) I will not drink any coffee, tea, cola, or other caffeine-
containing beverages or foods. 

d) I will not consume any charcoal-broiled foods. 
e) I will limit my dietary intake of vitamin C containing foods 

so that I receive no more than 15 mg per day, about one-
third the recommended daily allowance. 

I understand that I can expect the following sequence of 
events to occur. Prior to any dietary restriction or the taking of 
any caffeine or vitamin C, I will be given a complete physical exam-
imation which will include the withdrawal of a 15 ml (one tablespoon-
sized) sample of blood for laboratory tests and an additional 15 ml 
sample of blood for vitamin C analysis. A urine collection will also 
be made at this time. Within one week, I will be notified as to 
whether or not I have been accepted into the study. If I am accepted 
I will be asked to return to the hospital for the first kinetic trial 
which is simply the administration of caffeine into an arm vein and 

225 



226 

the collection of blood and urine samples over the next 48 hours as 
described below. The purpose of this trial is to determine how the 
levels of caffeine in the blood change with time following its admin
istration. 

I understand that there will be three kinetic trials separated 
by at least one week. I understand that for each kinetic trial I will 
be admitted to the University of Arizona Health Sciences Center for 
one day. At this time I will receive an injection of caffeine through 
an arm vein and have a heparin lock (a needle that is designed to be 
left in place for up to three days) placed in another arm vein so that 
13 teaspoon-sized blood samples can be taken over a period of 24 hours 
at times 0, 1/4, 1/2, 3/4, 1, 2, 4, 6, 9, 12, 15, 19, and 23 hours 
after injection of caffeine. I realize that at this time the heparin 
lock will be removed from my arm vein. I understand that I will have 
to return to the hospital for a second and third time each week for 
the 32 and 48 hour blood samples which will be collected by individual 
vein puncture. In addition to the collections made for the kinetic 
trial, an additional 15 ml sample of blood will be collected at times 
0, 23, and 48 hours for the determination of the vitamin C content in 
my blood cells and plasma. I also understand that my urine will be 
collected over the first 48 hours of each kinetic trial. 

Upon discharge from the hospital, I will receive instructions 
regarding the vitamin C restricted diet and I will start that diet the 
day of discharge and continue on it for the duration of the study (up 
to seven weeks). I will also be given a supply of multiple vitamins 
withcfut vitamin C to be taken on a daily basis for the duration of the 
study. Then at weekly intervals for a period of up to four weeks 
(during this period of vitamin C depletion) I will be asked to return 
to the hospital for a nutritional consultation, at which time an ad
ditional 15 ml sample of blood will be collected for vitamin C analy
sis. I realize that this period of vitamin C depletion is intended 
to reduce the vitamin C content of my blood to below the normal range, 
but that this period of reduction will in no way reduce the levels 
far enough to endanger my health, since dietary restriction for 90 to 
100 days is needed before the clinical signs of scurvy begin to 
appear. Scurvy is the disease state associated with the absence of 
vitamin C from the body. After my plasma vitamin C level is below 
0.2 mg %, or after four weeks of dietary depletion, whichever comes 
first, I will again be admitted to the hospital for a second kinetic 
trial that will be identical to the first, including administration 
of intravenous caffeine and the collection of blood and urine samples. 

Upon discharge from the hospital following this second kinetic 
study, I will continue on the vitamin C restricted diet and the mul
tiple vitamins without vitamin C. I understand that I will be given 
a two week supply of vitamin C to take as follows: 500 mg (1 tablet) 
by mouth twice daily at 9:00 a.m. and 9:00 p.m. for two weeks. At 
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the end of that two week period, I will return to the hospital for the 
third kinetic trial, which will be identical to the first two, in
cluding the administration of intravenous caffeine and the collection 
of blood and urine samples. Within one week after discharge from the 
hospital for this third and final kinetic study, I will be given a 
complete physical examination and nutritional evaluation as before. 
I will also return to a normal diet and discontinue the multiple vit
amins without vitamin C and the vitamin C supplementation. I will 
also receive a check for one hundred dollars and a courtesy supply of 
vitamin C tablets. I realize that the total amount of blood collected 
for the entire study will be 480 ml, exactly one pint. 

I realize that certain side effects could be experienced 
either from the administration of caffeine, the collection of blood 
samples, the dietary restriction of vitamin C, or the supplementation 
with vitamin C. Although such side effects are uncommon and usually 
mild, I understand that intravenous caffeine administration may < 
cause nausea, headache, insomnia, increased heart rate, and increased 
respirations. In the doses to be used the side effects observed 
should be similar to those seen after drinking three to four cups of 
coffee. I understand that the collection of blood samples may result 
in some local irritation or bruising, but that properly placed hep
arin locks normally cause no such problems. I understand that 
restricting my dietary intake of vitamin C containing foods may re
sult in constipation, but the chances of this occurring are small. I 
understand that the taking of supplemental vitamin C in the doses to 
be used could possibly cause stomach discomfort, including nausea 
and diarrhea. I realize that, although my chances of experiencing a 
serious side effect are extremely small, if I should become ill I will 
contact the clinical coordinator, Mr. John Trang, or the supervising 
physician, Dr. Kenneth Conrad. I realize that if I become ill as a 
result of my involvement with the study, medical treatment for injuries 
or illness will be provided free of charge, but that financial com
pensation for wages lost due to injury or illness relating to the 
study is not available. 

I may benefit directly by this study if vitamin C supplemen
tation is found to improve my overall health and well-being. I 
understand that I will be responsible for providing my own transpor
tation to and from the hospital, but that all other expenses relating 
to the study including all hospitalizations will be paid by the 
sponsors. In addition, I realize that the results of all physical 
examinations, laboratory tests, and nutritional evaluations will be 
available to my personal physician for my own use. 

It is my understanding that all records will be kept strictly 
confidential. My name will be known only to the investigators immedi
ately responsible for me during this study. Medical information 
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obtained from me will be classified under a numerical code so that no 
identification or endorsement can be related to my name. 

The nature, demands, risks and benefits of the project 
have been explained to me. I understand what my parti
cipation involves. Furthermore, I understand that I am 
free to ask questions and withdraw from the project at any 
time. I also understand that this consent form will be 
filed in an area designated by the Human Subjects Committee 
with access restricted to the principal investigator or 
authorized representatives of the particular department. 
A copy of this consent form is available to subjects upon 
request. 

Subject's Signature Date 

Investigator's Signature Date 
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Addendum Form 

The Effect of Vitamin C on Pharmacokinetics in the Elderly 

In addition to the procedures specified above, I realize that during 
the administration of the caffeine into my arm vein, electrodes and 
a microphone will be attached to my chest, a blood pressure cuff will 
be placed on my arm, and a small monitoring device will be placed on 
my ear. 1 also understand that the placement of these monitoring 
devices will in no way endanger my health. 

Subject's Signature Date 

I have carefully explained to the subject the nature of the above 
project. I certify that to the best of my knowledge the subject signing 
this consent form understands clearly the nature, demands, benefits 
and risks involved in his/her participation in this study. A medical 
problem or language or educational barrier has not precluded a clear 
understanding of his/her involvement in this project. 

Investigator's Signature Date 



APPENDIX L 

FOOD LISTS 

Food Items Prohibited 

FOOD (FORM) 

Alcoholic beverages (all types) 
Caffeinated beverages (all types) 
Fruits (all not listed on OK list) 
Herbal teas (all containing 
vitamin C) 

Organ meats (all types) 
Processed foods (containing 
vitamin C, ascorbic acid or 
sodium ascorbate) 

Vegetables (all not listed on 
OK list) 

Char-broiled foods (all types, 
meat, fish) 

EXAMPLES 

beer, wine, mixed drinks 
coffee, tea, soft drinks, cocoa 
oranges, tomatoes, grapefruit 
rose hips, orange spice, red zinger 

liver, kidney, heart, sweetbread 

broccoli, cauliflower, brussels 
sprouts 

steak, shrimp, shishkabob 

Food Items Allowed as Desired 

FOOD (FORM) 

Beans (mature dry seeds, cooked) 
Beef (all types except organ 
meats) 

Beverages (non-alcoholic, non-
caff einated) 

Breads & muffins (all types) 
Cakes (all types • except 
chocolate) 

Candy (all types except 
chocolate) 

Cereal foods (all types) 
Cheese (all types) 
Chili con carne (w/o beans) 
Coconut (dried, shredded) 
Cookies (all types except 
chocolate) 

Crackers (all types) 
Cream (light and heavy) 

EXAMPLES 

lima, pinto, navy, chickpea 
chuck, flank, hamburger, rib 

ginger ale, Seven-up®-, rootbeer 
(but not Mountain Dew®-) 

white, whole-wheat, rye, raisin 
angel food, pound, sponge 

butterscotch, caramels, hard 

cornflakes, wheat, oatmeal, bran 
blue, cheddar, cottage, cream 
as desired 
as desired 
sugar, fig bars, peanut butter 

graham, saltines, soda 
in small amounts, 1-2 tablespoons 
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FOOD (FORM) 

Dates (fresh and dried) 
Eggs (all types) 
Fats (all types) 
Figs (dried only) 
Fish & shellfish (all types) 
Gelatin (all types w/o fruit) 
Grape juice (w/o vitamin C added) 
Lamb (all types except organ 
meats) 

Mushrooms (canned only) 
Nuts (all types) 
Olives (all types) 
Pies (all except fruit pies and 
chocolate) 

Pork (all except organ meats) 
Pot pies (frozen commercial) 
Poultry (all except giblets) 
Raisins (dried) 
Rice (all types) 
Rolls & sweet rolls (all w/o 
fruit) 

Salad dressings (all w/o fruit 
juice) 

Sherbet (w/o fruit) 
Snaks (all w/o fruit or vegs.) 
Soups (all w/o vegetables) 
Starches (all except potatoes) 
Sweeteners (all except honey) 
Tapioca (pudding) 
Tortillas (all types) 
T.V. dinners (all types) 
Waffles & pancakes (w/o fruit) 
Yeast (all types) 
Yogurt (w/o fruit) 

EXAMPLES 

as desired 
poached, omelet, scrambled 
oils, shortening, butter, margarine. 
as desired 
clam, flounder, tuna, halibut 
as desired 
as desired 
rib, shoulder, leg 

as desired 
almonds, cashew, peanuts, walnuts 
as desired 
coconut, cream, custard, pumpkin 

ham, loin, chops, luncheon meat 
beef, chicken, turkey, tuna 
chicken, turkey, duck, quail 
as desired 
plain, brown, wild, minute 
biscuits, muffins, dinner, sweet 

french, oil & vinegar, blue cheese 

as desired 
pretzels, popcorn, corn chips 
bean, beef, bouillon, chicken 
noodles, pasta, macaroni 
sugars, molasses, non-nutritive 
as desired 
corn, flour 
as desired 
wheat, buckwheat, whole wheat 
dried, brewers, compressed 
as desired 

Food Items to be Eaten in Controlled Amounts 
(Not to exceed a total of 15 mg vitamin C per day) 

FOOD (FORM) AMOUNT/VITAMIN C CONTENT IN MG 

Apples (raw) 1 small 5 
Apples (dried & cooked) 1 cup 6 
Apple brown betty (cooked) 1 cup 3 
Apple juice (un- or sweetened) 1 cup 3 
Apricots (raw) 3 medium 7 
Apricots (canned in syrup) 4 medium halves 5 
Apricots (frozen) 3 ounces 3 
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FOOD (FORM) AMOUNT/VITAMIN C CONTENT IN MG 

Asparagus (canned, green, with 3 medium spears 10 
liquid) 

Bananas (raw) 1 medium 10 
Beans (lima, canned, cooked, 1 cup 9 
drained) 

Beans (snap, " ) 1 cup 7 
Beans (wax, " ) 1 cup 7 
Beats (red, 11 ) 1 cup 8 
Carrots (raw) 1 medium 3 
Carrots (canned, cooked, drained) 1 cup 4 
Celery (raw) 3 small inner stalks 4 
Celery (raw) 1 large outer stalk 3 
Celery (raw or cooked) 1 cup 7 
Cherries (sour, sweet, raw, 1/2 cup 7 
canned, pitted) 

Chili sauce (bottled, canned) 1 tablespoon 2 
Coconut (fresh) 1 cup 2 
Corn (sweet, white, yellow, fresh) 1 ear - 5 inches 8 
Corn (sweet, white, yellow, 1 cup 9 
canned) 

Cranberries (raw) 1/2 cup 7 
Cranberry sauce (sweetened, 1 cup 5 
canned, cooked) 

Cucumbers (raw) 6 slices - 1/8 inch 4 
Custard (baked) 1 cup 1 
Figs (raw) 3 small 2 
Figs (canned) 1 cup 1 
Fruit cocktail (canned, solids 1 cup 5 
& liquid) 

Grapes (green, purple, raw) 1 cup 5 
Honey (strained, extracted) 1 tablespoon 1 
Ice cream (w/o fruit) 1 cup 1 
Jam, marmalade, preserves (canned) 1 tablespoon 1 
Jellies (canned) 1 tablespoon 1 
Lemon juice (fresh, canned) 1 tablespoon 7 
Lettuce (raw, head) 2 large leaves 4 
Lettuce (raw, head) 4 small leaves 4 
Milk (cow, goat, except 1 cup 3 
chocolate) 

Mung bean sprouts (raw) 1/2 cup 7 
Onions (mature, raw) 1 tablespoon 1 
Onions (young green, raw w/o tops) 3 small 6 
Parsley (raw) 1 tablespoon 7 
Peaches (raw) 1 medium 8 
Peaches (canned with syrup) 2 medium halves 5 
Peaches (frozen) 4 ounces 5 
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FOOD (FORM) AMOUNT/VITAMIN C CONTENT IN MG 

Pears (raw) 1 medium 6 
Pears (canned with syrup) 2 medium halves 2 
Peas (canned, drained solids) 1/2 cup 8 
Pickles (dill, sweet, sour) 1 large 8 
Pies (fruit) 1 4-inch section 5 
Plums (raw) 1 medium 3 
Plums (canned with juice) 1 cup 3 
Potato chips (packaged) 10 chips 2 
Potatoes (french fried only) 10 fries 8 
Prunes (dried, uncooked) 4 large 1 
Prunes (dried, cooked) 1 cup 3 
Prune juice (canned) 1 cup 2 
Pudding (vanilla, cooked) 1 cup 2 
Pumpkin (canned) 1 cup 5 
Radishes (raw) 4 small 5 
Soups (tomato, pea, vegetable, 1 cup 10 
canned) 

Taco sauce (bottled) 1 tablespoon 2 
Tomato catsup (bottled) 1 tablespoon 2 
Watermelon (raw) 1/2 slice, 3/4-inch 10 
White sauce (medium) 1 cup 1 



APPENDIX M 

SAMPLE MENUS 
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Sample Menu One 

FOOD (FORM) AMOUNT/VITAMIN C CONTENT IN MG 

w 
ca 
& 
nJ <U 
u 
M 

Eggs (any style) 
Bacon (fried) 
Toast (any type) 
Butter or margarine (any type) 
Jam or preserves (canned) 
Decaffeinated coffee (any type) 

1-2 eggs 
3-4 strips 
1-2 slices 
1-2 tablespoons 
1-2 tablespoons 
1-2 cups 

1-2 

J3 
O 
c 
3 
tJ 

Turkey (warm or cold cuts) 
Bread (any type) 
Cheese (any type) 
Mayonnaise (jar) 
Corn or tortilla chips 
Ice cream (w/o fruit) 
Soft drink (non-caffeinated) 

2-4 ounces 
2 slices 
1 ounce 
2 tablespoons 
as desired 
1 cup 
12 ounces 

M QJ 
a 
(3 
•H 
Q 

Fish (any type) 
Rice (cooked) 
Bread or roll (any type) 
Butter or margarine (any type) 
Carrots (canned, cooked, 
drained) 

Peaches (canned w/syrup) 
Pie (non-fruit) 
Iced tea (instant decaffeinated) 1 12 ounce 

3-4 ounces 
1 cup 
1-2 slices 
1-2 tablespoons 
1 cup 

2 halves 
1 4-inch section 

4 

5 

o 
rt 
G co 

Cookies (all except chocolate) 3-4 cookies 
Nuts (all types) as desired 
Crackers (all types) as desired 
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Sample Menu Two 

FOOD (FORM) ' 

Oatmeal (any type, w/sugar) 
Milk or cream (any type) 
Toast (any type) 
Butter or margarine (any type) 
Grape juice (w/o added vitamin 
C) 

Decaffeinated coffee (any type) 

Chicken pot pie (frozen) 
Crackers (any type) 
Cheese (any type) 
Celery (sm. inner stalk/raw) 
Sherbet (w/o fruit) 
Iced tea (instant, 
decaffeinated) 

Roast beef (any style) 
Macaroni and cheese (packaged 
or homemade) 

Bread or muffin (any type) 
Butter or margarine (any type) 
Cucumbers (raw) 
Pears (canned w/syrup) 
Custard (baked) 
Soft drink (non-caffeinated) 

Candy (any except chocolate) 
Dates (fresh and dried) 
Tortilla chips (packaged) 

AMOUNT/VITAMIN C CONTENT IN MG 

1 cup 
1-2 tablespoons 
1-2 slices 
1-2 tablespoons 
6 ounces 

1-2 cups 

1 serving 
as desired 
1-2 ounces 
3 stalks 4 
1 cup 
12 ounces 

3-4 ounces 
1 cup 

1-2 slices 
1-2 tablespoons 
6 slices - 1/8 inch 4 
2 halves 2 
1 cup 1 
12 ounces 

as desired 
as desired 
as desired 
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FOOD (FORM) 

Sample Menu Three 

AMOUNT/VITAMIN C CONTENT IN MG 

cn 
n) 
S 

ca 
<u 
u 

Waffles (any non-fruit, syrup) 
Butter or margarine (any type) 
Sausage (fried) 
Prune Juice (canned) 
Decaffeinated coffee (any type) 

3-4 waffles 
1-2 tablespoons 
3-4 links 
6 ounces 
1 cup 

Hamburger (grilled) 4 ounces 
Hamburger bun (any style) 1 bun 
Lettuce (raw, head) 2 small leaves 2 
Mayonnaise (any type) 1 tablespoon 
Potato chips (packaged) 20 chips 4 
Pickle (any type) 1/4 large ' 2 
Ice cream (w/o fruit) 1 cup 1 
Soft drink (non-caffeinated) 12 ounces 

Quiche Lorraine (crust, eggs, 1-2 4-inch sections 2 
cheese, bacon, cream) 

Bread or roll (any type) 1-2 slices 
Butter or margarine (any type) 1-2 tablespoons 
Peas (canned, drained) 2 
Pie (non-fruit) 1 4-inch section 
Decaffeinated coffee (any type) 1 cup 

Figs (dried only) as desired 
Crackers (any type) as desired 
Cheese (any type) as desired 
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FOOD (.FORM) 

Sample Menu Four 

AMOUNT/VITAMIN C CONTENT IN MG 

Cold cereal (any w/sugar) 
Milk or cream (any type) 
Toast (any type) 
Butter or margarine (any type) 
Apple juice (sweetened or not) 
Decaffeinated coffee (any type) 1-2 cups 

1 cup 
1-2 tablespoons 
1-2 slices 
1-2 tablespoons 
ounces 

Roast beef (hot or cold cut) 
Bread or roll (any type) 
Mayonnaise (any type) 
Cheese (any type) 
Potato chips (packaged) 
Gelatin (w/o fruit) 
Soft drink (non-caffeinated) 

Pork chops (any style) 
Rice (any style) 
Bread or roll (any type) 
Butter or margarine (any type) 
Beans, lima (canned, cooked, 
drained) 

Apricots (canned w/syrup) 
Pudding (tapioca w/milk) 

2-4 ounces 
1-2 slices 
1-2 tablespoons 
1-2 ounces 
10-20 chips 
1 cup 
12 ounces 

1~2 chops 
1 cup 
1-2 slices 
1-2 tablespoons 
1/2 cup 

2 medium halves 
1 cup 

Decaffeinated coffee (any type) 1 cup 

Cheese (any type) as desired 
Muffins or rolls (any w/butter) as desired 
Sherbet (non-fruit) as desired 

2-4 

4 

3 
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FOOD (FORM) 

Sample Menu Five 

AMOUNT/VITAMIN C CONTENT IN MG 

•u 
CO 
tfl iw 
X to <u 
m 

,e 
o 
c 
3 
•J 

Omelet (any style) 3 eggs 
Cheese (any type) 2 ounces 
Ham (grilled) 2-4 ounces 
Toast or roll (any type) 1-2 slices 
Grape juice (w/o vitamin C) 6 ounces 
Decaffeinated coffee (any type) 1 cup 

0) 
c 
c •H 
Q 

AS 
u 
ca 
C 
w 

Chicken taco (corn tortilla, 
cheese, head lettuce, chicken, 
no tomato) 

Taco sauce (bottled, canned) 
Beans (refried pinto) 
Flan (baked) 
Soft drink (non-caffeinated) 

Beef chimichanga (flour tortilla 
deep fried, cheese, head 
lettuce, beef, no tomato) 

Taco sauce (canned, bottled) 
Rice (any type) 
Almendrado (baked) 
Decaffeinated coffee (any type) 

Corn chips (any type) 
Raisins (dried) 
Cookies (any except chocolate) 

serving 

1 tablespoon 
1 cup 
1 cup 
12 ounces 

serving 

tablespoon 
cup 
cup 
cup 

as desired 
as desired 
as desired 

2 

2 

2 

2 



Sample Menu Six 

FOOD (FORM) 

Pancakes (any non-fruit, syrup) 
m Butter or margarine (any type) 
Peaches (canned) 

ia Grape juice (w/o added vitamin 
2 C) 
M Decaffeinated coffee (any type) 

AMOUNT/VITAMIN C CONTENT IN MG 

3-4 pancakes 
1-2 tablespoons 
2 halves 5 
6 ounces 

1 cup 

Fish fillet (frozen, breaded) 
Bun or roll (any type) 
Mayonnaise (any type) 
Tomato catsup (bottled) 
Cheese (any type) 
Lettuce (raw,.head) 
Cookies (any except chocolate) 
Iced tea or coffee (decaf
feinated) 

2»-4 ounces 
1-2 pieces 
1-2 tablespoons 
1 tablespoon 
1-2 ounces 
4 small leaves 
3-4 cookies 
1 cup 

2 

4 

Roast lamb (any style) 
Bread or roll (any type) 
Mint jelly (canned, jar) 
Egg noodles (w/butter) 
White sauce (gravy) 
Prunes (cooked) 
Pie (non-fruit) 
Soft drink (non-caffeinated) 

3-4 ounces 
1-2 slices 
1 tablespoon 
1 cup 
2 tablespoons 
1/2 cup 
1 4-inch section 
12 ounces 

A! a 
CO 
c 
w 

Corn chips (any type) 
Nuts (any type) 
Olives (any type) 

as desired 
as desired 
as desired 



APPENDIX N 

WRITTEN INSTRUCTIONS 

General Guidelines 

I. Restrictions 

A. No prescription or over-the-counter medications are to be 
consumed. 

B. No alcohol-containing products are to be consumed during the 
study. 

C. No smoking of cigarettes, cigars, or pipes. 
D. No chewing of tobacco will be permitted. 
E. No caffeine-containing food or beverages are to be consumed 

from 72 hours before each kinetic trial to 48 hours after 
each kinetic trial. 

F. No charcoal-broiled foods are to be consumed during the study. 
G. After the first kinetic trial, please limit your daily dietary 

intake of vitamin C containing foods so that you receive no 
more than 15 mg of vitamin C, about one-third the recommended 
daily allowance (see lists of prohibited foods, allowable 
foods, and sample menus). Be sure to maintain your normal 
weight. 

H. No vitamin supplements other than those provided are allowed. 
I. It is very important that you adhere closely to these 

restrictions. 

II. Activity 

A. Continue activity as normal during the study, including con
sumption of caffeine-containing beverages and foods, except 
as in section E above. 

B. Be sure that your activity is consistent for all three kinetic 
trials (e.g., the same amount of walking, sitting, resting, 
and sleeping from one kinetic trial to the next). 

C. Please contact John Trang if you need to leave Tucson. 

III. Side Effects or Complications 

A. Report any side effects that you feel may be in any way related 
to the study, diet, vitamin supplementation, caffeine admin
istration, or blood collections to John Trang as soon as they 
occur. 
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B. Discontinue vitamin supplementation and dietary restrictions, 
if deemed necessary by John Trang and report to UAHSC for 
treatment. 

IV. Supplemental Multiple Vitamins and Vitamin C 

A. A supply of multiple vitamins without vitamin C will be given 
to you after the first kinetic trial. 

B. Please take one tablet, by mouth, in the morning each day for 
the remainder of the study, 

C. Record the exact time at which you take the multiple vitamin 
on the calendar provided. 

D. A supply of vitamin C will be given to you after the second 
kinetic trial. 

E. Please take two (2) tablets, by mouth, twice daily, at 9:00 
a.m. and 9:00 p.m. for a total of four (4) 250 mg tablets 
daily, or 1000 mg total daily intake. 

F. Record the exact time and number of vitamin C tablets on the 
calendar provided. 

G. It is very important that you take the multiple vitamins and 
the vitamin C just as prescribed. 

Hospital Visits and Other Information 

I. First Kinetic Trial 

A. Report to the University of Arizona Health Sciences Center' 
(HSC) , 1501 N. Campbell, , , at 0700 to 
meet John Trang in the lobby and undergo admission procedures 
for the first kinetic trial. 

B. Return to HSC, Room 6404, , , at 1630 
for the 32-hour blood sample. 

C. Return to HSC, Room 6404, , , at 0800 
for the 48-hour blood sample. Bring total urine collection 
container at this time. 

II. Begin Dietary Vitamin C Restriction 

A. , , begin dietary vitamin C restriction with 
noon meal and supplemental multiple vitamins without vitamin 
C immediately after the collection of the 48-hour blood 
sample. 

B. Return to HSC, Room 6404, , , at 0900 for 
blood collection for vitamin C assay. 

C. Return to HSC, Room 6404, , , at 0900 for 
blood collection for vitamin C assay. 

D. Return to HSC, Room 6404, , , at 0900 for 
blood collection for vitamin C assay. 
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III. Second Kinetic Trial 

A. Return to HSC, , , at 0700 to meet John 
Trang in the lobby and undergo admission procedures for the 
second kinetic trial. 

B. Return to HSC, Room 6404, , , at 1630 for 
the 32-hour blood sample. 

C. Return to HSC, Room 6404, , , at 0800 for 
the 48-hour blood sample. 

IV. Begin Vitamin C Supplementation 

A. , , begin vitamin C supplementation of 1000 
mg daily. 

B. Continue vitamin C restricted diet and supplemental vitamin C 
until after the third kinetic trial. 

V. Third Kinetic Trial 

A. Return to HSC, , , at 0700 to meet John 
Trang in the lobby and undergo admission procedures for the 
third kinetic trial. 

B. Return to HSC, Room 6404, , , at 1630 for 
the 32-hour blood sample. 

C. Return to HSC, Room 6404, , , at 0800 for 
the 48-hour blood sample. Bring total urine collection 
container at this time. 

D. Discharge physical examination. 
E. Discontinue vitamin C restricted diet, multiple vitamins 

without vitamin C and supplemental vitamin C. 



APPENDIX 0 

CENTRUMR CONTENTS3 

VITAMIN/MINERAL AMOUNT % USRDA 

Vitamin A (as Acetate) 5000 IU 100 
Vitamin E (as d,l-Alpha Tocopheryl Acetate) 30 IU 100 
Folic Acid (as Folacin) 400 Wg 100 
Vitamin Bj (as Thiamine Mononitrate) 2.25 mg 150 
Vitamin B2 (as Riboflavin) 2.6 mg 153 
Niacinamide 20 rag 100 
Vitamin B5 (as Pyridoxine Hydrochloride) 3 mg 150 
Vitamin B-ĵ  (as Cyanocobalamin) 9 yg 150 
Vitamin D 400 IU 100 
Biotin 150 yg 50 
Pantothenic Acid (as Calcium Pantothenate) 10 mg 100 
Calcium (as Dibasic Calcium Phosphate) 162 mg 16 
Phosphorus (as Dibasic Calcium Phosphate) 125 mg 13 
Iodine (as Potassium Iodide) 150 yg 100 
Iron (as Ferrous Fumarate) 27 mg 150 
Magnesium (as Magnesium Oxide) 100 mg 25 
Copper (as Cupric Oxide) 3 mg 150 
Manganese (as Manganese Dioxide) 7.5 mg b 
Potassium (as Potassium Sulfate) 7.5 mg b 
Zinc (as Zinc Oxide) 22.5 mg 150 

Ĉontains no vitamin C. 
Recognized as essential in human nutrition, but no USRDA established. 
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APPENDIX P 

CAFFEINE DATA RECORD SHEET 

Subject:. 

Weight: 

Total Doae: 

Infusion Start:. 

Infuaion Rate: 

Cements: 

Date: 

Height: 

•8 per 

Age: . Doae: ag kg -1 

_ »1 Caffeine Sodlua Benzoate 

Infuaion Finlah: 

agper aln -

B. P.: 

Pulae: 

Total Infuaion Tine: 

•8 "in -1 

Blood Data: 

Tlae Tlae of Collection Elapaad Tlae.E.T., Caffeine Blood Preaaure/ 
Date Saaple Interval Theoretical Actual Mlnutea Houra Concentration, vgal'1 Pulae 

0 -30 Bin 

1 0 aln 

2 IS aln 

3 30 aln 

4 45 aln 

5 1 hr 
6 2 hr 
7 4 hr 
8 6 hr 
9 9 hr 

10 12 hr 
11 15 hr 
12 19 hr 
13 23 hr 
14 30 hr 
15 48 hr 

Urine Data: 

Date Saaple Tlae 
E.T., 
hr 

Vol.ua 
•I pH 

Caffeine 
Concentration, wgal' -1 

Total Caffeine 
Excreted, ng 

24 

~24~ 
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APPENDIX Q 

CORRECTED ZERO-TIME INTERCEPT DERIVATION 

Assume that the concentration of the drug in plasma (C) is 
plotted versus time (t) as shown in the figure below. 

In C 

Now define the infusion time as T. Also define a new time (tf) as the 
time "post-infusion" i.e., the time after the completion of the infusion, 
where the end of the infusion period corresponds to time 0 for the post-
infusion portion of the curve. Therefore t'=t-x and when t=T (i.e., 
at the end of the infusion), t'=0. Thus by extrapolating the post-
infusion portion of the curve, the coefficient CQ for the slow infusion 
can be obtained as the intercept of the curve with the t=x(t'=0) axis. 
This coefficient can, in turn, be related to the coefficient (intercept) 
for a rapid (bolus) intravenous injection, C$, as shown in the following 
derivation. 

For a one-compartment open model, the differential equation for 
the change in the amount of drug in the body with time following an 
intravenous infusion at a constant rate is 

 ̂= k -KX 
dt o ̂  (Q—1) 

where X is the amount of drug in the body, kQ is infusion rate, and K is 
the elimination rate constant. 

= ̂  - KX • 

The Laplace transform of (Q-l) is 

(Q-2). 
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Rearrangement yields 

X = ko 

s(s+K) (Q-3). 

Solving (Q-3), employing a table of Laplace transforms, gives the follow
ing relationship between the amount of drug in the body and time (t), 

X = ko (l-e"Kt) (Q-4). 
K 

Employing the relationship X=VC, (Q-4) can be written in concentration 
terms as 

 ̂ /"i_Q-Kt 

and as 

C = ko (1-e ) (Q-5), 
VK 

CD = ̂ o (1-e-Kt) (Q-6), 
VK 

where CQ is the concentration at the point in time when the infusion is 
stopped and is equal to the intercept of the curve with the vertical 
axis, t=T. Since 

V=f^. (Q-7), 
c§ 

where XQ is the amount of drug administered (the dose) and is the 
"corrected" zero-time intercept (corrected for the fact that the infusion 
is not instantaneous). Thus Cq represents the intercept of the curve 
with the vertical axis, t=0. When the infusion is stopped, t is a 
constant equal to the time (T) at which the infusion is ended, and 
therefore t=t. It follows that 

CQ—8) 

and, 

CQ = kQ (1-e KT) 

<-o 

Co _ kQ (l-e-KT) 

C§ X0K (Q-9), 

which rearranges to 

Cq = C0X0K 

ko(l-e-KT) (Q-10). 

The post-infusion portion of the curve (i.e., where t>t) may be 
described by the following equation, 

_ TT-f » 

C = CQe (Q—11). 
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VITAMIN C DATA 
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Table R-l. Plasma and whole blood vitamin C concentrations in elderly men (n=10) at the time 
of the initial physical examination. 

Subject Time on Diet, Plasma Concentration, Whole Blood 
days mg % Concentration, 

mg % 

SB -17a 0.75 1.01 

EB -14 1.20 1.40 

JB -21 0.09 0.28 

RB -16 0.71 1.34 

AC -18 1.21 1.23 

FF -28 1.01 1.07 

MG -15 1.47 1.59 

SW -22 0.73 1.18 

RW -23 1.60 1.71 

FW -14 0.64 1.44 

Average -19 0.94 1.23 

S.D. 5 0.45 0.40 

The minus sign indicates that these determinations were made this many days before the start 
of dietary vitamin C restriction. 



Table R-2, Plasma and whole blood vitamin C concentrations in elderly men (n=10) after one week 
of dietary vitamin C restriction. 

Subject Time on Diet, 
days 

Intake3, 
mg 

Plasma Concentration, 
mg % 

Whole Blood 
Concentration, 

mg % 

SB 6 NRb 0.50 0.71 

EB 10 18 0.85 0.76 

JB 10 9 0.08 0.33 

RB 8 60 0.02 0.35 

AC 8 NR 1.24 1.19 

FF 6 25 0.72 0.80 

MG 6 NR 0.91 0.73 

SW 8 26 0.05 0.45 

RW 6 116 0.85 0.80 

FW 8 NR 0.98 0.99 

Average 8 42 0.62 0.71 

S.D. 2 40 0.43 0.27 

Average total daily vitamin C intake including vitamin supplementation. 

Not recorded. 



Table R-3. Plasma and whole blood vitamin C concentrations in elderly men (n-10) after two 
weeks of dietary vitamin C restriction. 

Subject Time on Diet, 
days 

Intake , 
mg 

Plasma Concentration, 
mg-% 

Whole Blood 
Concentration, 

mg % 

SB 14 18 0.11 0.38 

EB 17 20 1.04 0.89 

JB 17 20 0.00 0.12 

RB 14 55 0.14 0.46 

AC 16 12 0.72 0.67 

FF 13 5 0.30 0.41 

MG 14 9 0.46 0.37 

SW 14 11 0.18 0.36 

RW 13 65 0.64 0.73 

FW 16 4 0.09 0.52 

Average 15 22 0.37 0.49 

S.D. • 2 21 0.34 0.22 

Average total daily vitamin C intake including vitamin supplementation. 



Table R-4. Plasma and whole blood vitamin C concentrations in elderly men (n=10) after three 
weeks of dietary vitamin C restriction. 

Subject Time on Diet, 
days 

sl 
Intake , 

mg 
Plasma Concentration, 

mg % 
Whole Blood 
Concentration, 

mg % 

SB 20 15 0.28 0.34 

EB 23 14 0.78 0.73 

JB 24 18 0.09 0.15 

RB 22 48 0.24 0.23 

AC 22 52 0.66 0.75 

FF 20 15 0.25 0.23 

MG 20 10 0.35 0.57 

SW 22 16 0.20 0.30 

RW 20 53 0.53 0.41 

FW 22 16 0.28 0.38 

Average 22 26 0.37 0.41 

S.D. 1 18 0.22 0.21 

Average total daily vitamin C intake including vitamin supplementation. 



Table R-5. Plasma and whole blood vitamin C concentrations in elderly men (n=4) after four 
weeks of dietary vitamin C restriction. 

Subj ect Time on Diet, 
days 

Intake , 
mg 

Plasma Concentration, 
mg % 

Whole Blood 
Concentration, 

mg % 

SB 27 8 0.13 0.15 

AC 29 15 0.63 0.52 

MG 27 6 0.12 0.18 

FW 29 18 0.28 0.52 

Average 28 12 0.29 0.34 

S.D. 1 6 0.24 0.21 

Average total daily vitamin C intake including vitamin supplementation. 



Table R-6. Plasma and whole blood vitamin C concentrations in elderly men (n=10) after one week 
of vitamin C supplementation. 

Subject Time on Diet, 
days 

Intake , 
mg 

Plasma Concentration, 
mg % 

Whole Blood 
Concentration, 

mg % 

SB 39 1000 1.95 1.77 

EB 42 1000 1.52 i.40 

JB 38 1000 2.29 1.95 

RB 40 1000 1.21 1.23 

AC 41 1000 2.54 1.87 

FF 34 1000 1.27 1.54 

MG 39 1000 2.27 1.99 

SW 36 1000 1.12 1.10 

RW 34 1000 2.56 2.01 

FW 41 1000 2.45 1.93 

Average 38 1000 1.92 1.68 

S.D. 3 0 0.58 0.34 

Average daily vitamin C intake from supplemental vitamin C alone; dietary vitamin C intake 
not recorded. 
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Table S-l. Caffeine plasma concentrations in subject SB for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T. , Concentration, E.T., Concentration, 
hours hours yg ml"1 hours yg ml-l hours yg ml-1 

0 -0.5 (-0.33)b (0.36) (-0.38) (NDC) (-0.3) (0.10) 

1 0.0 (0.03) (673.56) (0.08) (23.60) (0.08) (12.50) 

2 0.25 (0.28) (8.74) (0.25) _ (8.64) (0.25) (7.35) 

3 0.5 (0.5) (6.95) (0.52) (7.23) (0.53) (6.57) 

4 0.75 0.75 7.69 0.8 6.39 0.77 5.75 

5 1.0 1.0 6.69 1.12 6.30 1.02 5.66 

6 2.0 2.05 6.42 2.13 5.23 2.02 6.18 

7 4.0 4.0 4.38 4.02 3.89 4.0 4.20 

8 6.0 5.75 3.57 6.05 2.57 6.03 2.54 

9 9.0 8.75 2.27 9.03 1.30 8.05 2.10 

10 12.0 11.75 1.63 12.0 0.75 11.03 1.40 

11 15.0 14.67 1.10 (15.0) (0.39) 14.0 0.64 

12 19.0 18.62 0.74 (19.0) (0.28) (18.0) (0.40) 

13 23.0 (22.75) (0.96) (23.0) (0.22) (22.05) (0.41) 

14 30.0 (29.92) (0.20) _d 
- - -

15 48.0 - - - - - -

g 
Theoretical and actual elapsed time from the completion of each intravenous infusion of 
3̂00 lug caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 
,No detectable caffeine in sample. 
Dashes indicate that no sample was collected. 



Table S-2. Caffeine plasma concentrations in subject EB for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T., Concentration, E.T., Concentration, 
hours hours Ug ml-1 hours yg ml-1 hours yg ml-1 

0 -0.5 (-0.33)b (WDC) (-0.35) (0.07) (-0.35) (ND ) 

1 0.0 (0.17) (9.12) (0.03) (13.04) (0.15) (9.44) 

2 0.25 (0.28) (7.64) (0.25) (8.74) (0.25) (8.37) 

3 0.5 (0.57) (6.22) (0.52) (8.56) (0.52) (8.08) 

4 0.75 0.75 6.96 0.75 6.62 0.75 7.33 

5 1.0 1.03 7.59 1.0 6.19 1.0 6.52 

6 2.0 2.02 5.60 2.02 6.27 2.02 5.94 

7 4.0 4.25 3.50 4.05 3.72 4.0 3.51 

8 6.0 6.33 2.15 6.5 2.34 6.02 2.58 

9 9.0 9.33 1.20 9.0 1.13 9.0 1.36 

10 12.0 12.25 0.86 12.17 0.86 12.0 0.95 

11 15.0 (15.26) (0.53) (15.03) (0.37) (14.95) (0.41) 

12 19.0 (19.30) (0.24) (19.03) (0.22) _d 
-

13 23.0 - - (23.13) (0.22) - -

14 30.0 - - (27.33) (0.11) - -

15 48.0 - - (47.50) (1.00) - -

£ 
Theoretical and actual elapsed time from the completion of each intravenous infusion of 
3̂00 mg caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 
N̂o detectable caffeine in sample. 
Dashes indicate that no sample was collected. 



Table S--3. Caffeine plasma concentrations in subject JB for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T., Concentration, E.T., Concentration, 
hours hours yg ml"1 hours pg ml-1 hours yg ml-1 

0 -0.5 (-0.33)b (1.46) (-0.37) (0.64) (-0.32) (0.22) 

1 0.0 (0.07) (NDC) (0.05) (21.37) (0.13) (ND) 

2 0.25 (0.28) (8.80) (0.3) (15.47) (0.27) (7.15) 

3 0.5 (0.53) (6.11) (0.52) (8.33) (0.5) (6.80) 

4 0.75 0.75 6.98 0.8 6.78 0.75 6.16 

5 1.0 1.0 6.63 1.0 5.86 1.0 5.57 

6 2.0 2.08 4.98 2.0 4.47 2.05 4.33 

7 - 4.0 4.0 2.68 4.02 2.70 4.07 2.22 

8 6.0 6.05 1.80 6.0 1.70 6.0 1.22 

9 9.0 9.0 0.96 9.07 0.72 8.5 0.73 

10 12.0 (11.75) (ND) (12.03) (0.36) (11.0) (0.39) 

11 15.0 (14.75) (ND) (15.03) (0.18) (14.0) (0.58) 

12 19.0 (18.8) (0.59) (19.03) (0.13) (18.05) (0.58) 

13 23.0 (22.75) (0.20) (23.17) (0.28) (22.08) (0.91) 

14 30.0 (29.42) (1.00) _d 
— - -

15 48.0 

aTheoretical and actual elapsed time from the completion of each intravenous infusion of 
,300 mg.caffeine. 
cValues in parentheses indicate data points not used in the NONLIN regression. 
No detectable caffeine in sample. 
Dashes indicate that no sample was collected. 



Table S-4. Caffeine plasma concentrations in subject RB for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T., Concentration, E.T., Concentration, 
hours hours yg ml-1 hours yg ml-1 hours yg ml"1 

0 -0.5 (-0.33)b (0.20) (-0.37) (0.55) (-0.38) (NDC) 

1 0.0 (0.03) (24.99) (0.05) (7.73) (0.13) (9.97) 

2 0.25 (0.25) (5.96) (0.25) (7.07) (0.28) (8.90) 

3 0.5 (0.5) (5.66) (0.5) (7.80) (0.5) (7.48) 

4 0.75 0.78 6.45 0.75 6.69 0.75 6.67 

5 1.0 1.0 6.27 1.0 6.21 1.0 6.86 

6 2.0 2.12 5.31 2.02 5.84 2.03 6.21 

7 4.0 4.0 4.31 4.0 4.60 4.0 4.26 

8 6.0 6.0 3.37 6.5 2.79 6.0 3.88 

9 9.0 9.0 2.29 9.0 2.30 9.03 2.77 

10 12.0 11.75 1.47 12.0 1.47 12.0 1.68 

11 15.0 13.75 1.07 15.03 0.97 15.0 1.14 

12 19.0 17.0 0.68 (19.0) (0.44) 19.05 0.66 

13 23.0 (20.0) (0.53) (23.0) (0.48) (23.17) (0.35) 

14 30.0 (28.42) (0.26) (27.28) (0.29) (26.92) (0.40) 

15 48.0 _d _ _ 

aTheoretical and actual elapsed time from the completion of each intravenous infusion of 
,300 mg caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 
No detectable caffeine in sample. 
Dashes indicate that no sample was collected. 



Table S-5. Caffeine plasma concentrations in subject AC for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T. , Concentration, E.T., Concentration, 
hours hours yg ml-1 hours yg ml~l hours yg ml-1 

0 -0.5 (-0.33)b (0.01) (-0.5) (0.26) (-0.33) (0.84) 

1 0.0 (0.02) (69.51) (0.03) (21.68) (0.12) (12.31) 

2 0.25 (0.27) (13.88) (0.3) (10.82) (0.27) (9.57) 

3 0.5 (0.52) (7.97) (0.52) (8.84) (0.5) (9.63) 

4 0.75 0.77 7.82 0.75 8.48 0.75 8.78 

5 1.0 1.0 6.77 1.08 7.66 1.0 7.46 

6 2.0 2.03 6.79 2.08 6.82 2.0 7.21 

7 4.0 4.05 5.25 4.02 5.63 4.05 5.89 

8 6.0 6.0 4.87 6.0 4.47 6.17 4.17 

9 9.0 9.05 3.43 8.07 3.60 9.0 3.75 

10 12.0 12.33 2.26 11.02 2.43 12.0 2.39 

11 15.0 15.38 1.97 14.0 2.02 15.05 1.80 

12 19.0 19.38 1.25 18.0 1.49 19.0 1.15 

13 23.0 23.33 0.82 (22.0) (1.23) 23.25 0.78 

14 30.0 (30.0) (0.63) (24.95) (1.02) (25.85) (1.63) 

15 48.0 (46.83) (1.15) _c 
- - -

Theoretical and actual elapsed time from the completion of each intravenous infusion of 
3̂00 mg caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 

cDashes indicate that no samples were collected. 



Table S-6. Caffeine plasma concentrations in subject FF for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T. , Concentration, E.T., Concentration, 
hours hours ]ig ml""1 hours yg ml-1 hours yg ml-1 

0 -0.5 (-0.28)b (0.47) (-0.33) (0.10) (-0.28) (NDC) 

1 0.0 (0.07) (18.57) (0.05) (13.70) (0.12) (12.00) 

2 0.25 (0.25) (9.19) (0.25) (5.31) (0.3) (9.53) 

3 0.5 (0.5) (7.85) (0.48) (7.68) (0.5) (8.38) 

4 0.75 0.75 7.32 0.75 6.80 0.75 7.77 

5 1.0 1.0 6.53 1.0 5.91 1.0 7.24 

6 2.0 2.08 5.57 2.0 6.18 2.0 6.37 

7 4.0 4.2 4.44 4.52 4.18 4.05 5.24 

8 6.0 6.0 3.14 6.0 3.05 6.02 2.53 

9 9.0 8.92 2.73 8.05 2.56 9.0 2.68 

10 12.0 12.0 1.82 11.0 • 1.55 12.0 1.96 

11 15.0 15.08 1.23 14.0 1.32 15.0 1.41 

12 19.0 18.0 0.96 18.0 0.69 19.0 0.92 

13 23.0 (22.0) (0.46) (22.17) (1.39) (23.25) (1.30) 

14 30.0 _d 
- - - - -

15 48.0 - - - - - -

Theoretical and actual elapsed time from the completion of each intravenous infusion of 
300 mg caffeine. 
V̂alues in parentheses indicate data points not used in the NONLIN regression. 
"No detectable caffeine in sample. 
Dashes indicate that no sample was collected. 



Table S-7. Caffeine plasma concentrations in subject MG for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T., Concentration, E.T., Concentration, 
— 1 1 —1 hours hours yg ml x hours jig ml hours yg ml x 

0 -0.5 (-0.48)b (0.87) (-0.4) (NDC) (-0.3) (ND ) 

1 0.0 (0.02) (44.69) (0.05) (10.78) (0.08) (10.68) 

2 0.25 (0.25) (9.90) (0.25) (7.96) (0.25) (7.95) 

3 0.5 (0.5) (8.66) (0.52) (7.80) (0.5) (7.26) 

4 0.75 0.75 7.38 0.75 7.23 0.75 6.47 

5 1.0 1.0 7.20 1.08 6.54 1.0 6.43 

6 2.0 2.0 5.70 2.08 5.64 2.0 5.27 

7 4.0 4.38 3.50 3.85 4.05 4.0 3.55 

8 6.0 6.17 2.81 5.92 2.75 6.05 2.20 

9 9.0 9.25 1.82 9.0 1.47 8.0 1.61 

10 12.0 12.25 1.13 12.0 0.82 11.0 0.81 

11 15.0 15.3 0.73 (14.92) (0.57) (13.95) (0.44) 

12 19.0 (19.25) (0.31) (19.0) (0.29) (17.97) (0.32) 

13 23.0 (23.33) (0.27) (22.92) (0.29) (22.17) (0.41) 

14 30.0 (30.58) (0.14) -d - (25.03) (1.44) 

15 48.0 — — — — - — 

Theoretical and actual elapsed time from the completion of each intravenous infusion of 
2̂75 mg caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 
N̂o detectable caffeine in sample. 
Dashes indicate that no sample was collected. 



Table S-8. Caffeine plasma concentrations in subject SW for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T., Concentration, E.T., Concentration, 
hours hours Ug ml-1 hours lig ml_1 hours lig ml-1 

0 -0.5 (-0.31)b (0.04) (-0.37) (0.02) (-0.3) (NDC) 

1 0.0 (0.03) (20.38) (0.08) (13.45) (0.1) (15.49) 

2 0.25 (0.25) (9.98) (0.25) (10.44) (0.25) (8.82) 

3 0.5 (0.57) (8.26) (0.53) (9.47) (0.5) (7.94) 

4 0.75 0.75 7.86 0.75 8.72 0.75 7.77 

5 1.0 1.0 7.31 1.0 8.38 1.0 7.90 

6 2.0 2.02 6.42 2.05 6.88 2.0 6.77 

7 4.0 4.05 5.34 4.07 5.17 4.02 6.12 

8 6.0 6.08 4.68 6.12 4.30 6.0 5.01 

9 9.0 9.17 3.11 9.12 3.28 8.5 3.73 

10 12.0 12.25 2.34 12.12 2.18 11.0 3.35 

11 15.0 14.25 1.95 15.05 1.70 14.0 2.26 

12 19.0 17.52 1.57 19.0 1.12 18.0 1.83 

13 23.0 21.05 1.31 23.08 0.75 (21.83) (1.83) 

14 30.0 (29.12) (1.18) _d 
- - -

15 48.0 - - - - - -

aTheoretical and actual elapsed time from the completion of each intravenous infusion of 
3̂75 mg caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 
No detectable caffeine in sample. 
^Dashes indicate that no sample was collected. 



Table S--9. Caffeine plasma concentrations in subject RW for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T. , Concentration, E.T., Concentration, 
hours hours yg ml-1 hours yg ml-1 hours yg ml~l 

0 -0.5 (-0.3)b (0.18) (-0.37) (NDC) (-0.3) (ND ) 

1 0.0 (0.07) (11.80) (0.05) (8.79) (0.12) (11.75) 

2 0.25 (0.25) (6.16) (0.25) (7.68) (0.25) (8.97) 

3 0.5 (0.5) (6.40) (0.52) (7.67) (0.5) (6.94) 

4 0.75 0.77 6.59 0.75 7.39 0.75 6.25 

5 1.0 1.0 5.88 1.0 5.87 1.0 6.17 

6 2.0 2.0 5.75 2.0 5.55 2.0 5.52 

7 4.0 4.03 4.11 4.5 3.38 4.0 3.74 

8 6.0 6.0 2.77 6.0 2.51 6.02 3.74 

9 9.0 9.33 1.49 8.0 1.72 9.0 1.61 

10 12.0 12.67 0.84 11.0 0.92 12.05 0.78 

11 15.0 (15.58) (0.41) 14.0 0.71 (15.0) (0.33) 

12 19.0 (18.67) (0.43) (17.97) (0.09) (19.0) (0.55) 

13 23.0 (22.58) (0.05) (22.17) (0.42) (23.33) (0.42) 

14 30.0 _d 
- - - -

15 48.0 - - - - -

aTheoretical and actual elapsed time from the completion of each intravenous infusion of 
,300 mg caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 
No detectable caffeine in sample. 

"Dashes indicate that no sample was collected. 



Table S-10. Caffeine plasma concentrations in subject FW for all three kinetic trials. 

Sample Theoretical First Kinetic Trial Second Kinetic Trial Third Kinetic Trial 
Number Elapsed Time, Actual Caffeine Actual Caffeine Actual Caffeine 

E.T.a, E.T.a, Concentration, E.T., Concentration, E.T., Concentration, 
hours hours yg ml-1 hours yg ml-1 hours yg ml-1 

0 -0.5 (-0.27)b (1.30) (-0.5) (NDC) (-0.28) (0.15) 

1 0.0 (0.02) (70.27) (0.05) (14.58) (0.08) (15.91) 

2 0.25 (0.27) (11.52) (0.25) (9.37) (0.25) (9.02) 

3 0.5 (0.5) (10.42) (0.48) (7.68) (0.52) (8.63) 

4 0.75 0.77 10.07 0.75 7.61 0.75 8.14 

5 1.0 1.0 9.03 1.03 7.41 1.0 8.08 

6 2.0 2.05 7.19 2.05 6.20 2.0 6.83 

7 4.0 4.03 6.92 4.0 5.61 4.0 5.51 

8 6.0 6.11 6.09 6.0 4.08 6.17 5.07 

9 9.0 9.0 5.18 8.0 3.68 9.0 4.41 

10 12.0 11.67 3.65 11.0 2.63 12.0 3.10 

11 15.0 14.73 2.82 13.98 2.31 14.92 2.35 

12 19.0 19.75 1.68 18.0 1.70 18.03 1.54 

13 23.0 22.75 1.30 22.08 1.14 23.33 1.14 

14 30.0 28.93 0.79 24.92 0.87 26.17 0.84 

15 48.0 (46.7) (0.06) _d 
- - -

aTheoretical and actual elapsed time from the completion of each intravenous infusion of 
3̂25 mg caffeine. 
Values in parentheses indicate data points not used in the NONLIN regression. 
No detectable caffeine in sample. 
Dashes indicate that no sample was collected. 
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Table T-l. Urine data in elderly men (n=10) from the first kinetic trial. 

Subj ect- First Day: 0-•23 Hour Second Day: 23-47 Hour Total 
Trial Urine Urine Urine Amt. of Percent Urine Urine Urine Urine 

Volume, [H+]X107, pH Caffeine of Dose Volume, [H+jxlO?, PH Volume, 
ml M Excreted, Excreted, ml M ml 

mg % 

SB-1 1410 0.7943 7.10 4.59 1.53 1035 15.1360 5.82 2445 

EB-1 2430 6.7608 6.17 4.06 1.16 600 10.0000 6.00 3030 

JB-1 6010 0.3981 7.40 7.37a 2.27a 950 9.3325 6.03 6960 

RB-1 610 0.8128 7.09 3.22 1.17 770 1.7783 6.75 1380 

AC-1 1250 7.4131 6.13 4.46 1.49 985 15.1360 5.82 2235 

FF-1 940 20.4170 5.69 3.59 1.20 1140 6.6069 6.18 2080 

MG-1 1760 6.9183 6.16 5.50 2.00 1450 12.5890 5.90 3210 

SW-1 1500 4.8978 6.31 6.48 1.73 1000 5.6234 6.25 2500 

RW-1 2060 34.6740 5.46 6.53 2.18 1480 17.7830 5.75 3540 

FW-1 1380 6.6069 6.18 6.29 1.94 780 48.9780 5.31 2160 

Average 1935 8.9693 6.05b 5.21 1.67 1019 14.2963 5.84b 2954 

S.D. 1523 10.7097 - 1.42 0.42 282 13.1379 - 1539 

Based upon 0-20 hour urine collection. 

Average urine pH calculated from the average urine hydrogen-ion concentration. 



Table T-2. Urine data in elderly men (n=10) from the second kinetic trial. 

Subject- First Day; 0-23 Hour Second Day: 23-47 Hour Total 

Trial Urine Urine Urine Amt. of Percent Urine Urine Urine Urine 
Volume, [H+JxlO7, pH Caffeine of Dose Volume, [H+]xl07, PH Volume, 
ml M Excreted, Excreted, ml M ml 

mg % 

SB-2 1450 19.4980 5.71 3.64 1.21 1200 2.1380 6.67 2650 

EB-2 2100 6.1660 6.21 3.12 0.89 1130 10.0000 6.00 3230 

JB-2 5240 0.5623 7.25 4.86a 1.49a 1370 4.0738 6.39 6610 

RB-2 940 0.3162 7.50 3.46 1.26 590 12.5890 5.90 1530 

AC-2 420 15.8490 5.80 2.50 0.83 480 21.8780 5.66 900 

FF-2 1420 6.9183 6.16 5.95 1.98 1120 12.8820 5.89 2540 

MG-2 1660 1.8621 6.73 6.50 2.37 -1390b 3.5481b 6.45b 3050b 

SW-2 1750 ' 3.3113 6.48 7.35 1.96 1920 6.3096 6.20 3670 

RW-2 2750 17.7830 5.75 6.33 2.11 1290 7.9433 6.10 4040 

FW-2 1460 19.0550 5.72 4.91 1.51 440 39.8110 5.40 1900 

Average 1919 9.1321 6.04c 4.86 1.56 1093 12.1173 5.92c 3012 

S.D. 1322 8.0102 - 1.64 0.53 466 11.3352 — 1589 

Si Based upon 0-8 hour urine collection. 

Êstimate based upon average of values from KT-1 and KT-3. 
c 
Average urine pH calculated from the average urine hydrogen-ion concentration. 



Table T-3. Urine data in elderly men (n=10) from the third kinetic trial. 

Subject- First Day: 0--23 Hour Second Day: 23-47 Hour Total 
Trial Urine Urine Urine Amt. of Percent Urine Urine Urine Urine 

Volume, [H+]xl07, PH Caffeine of Dose Volume, [H+]xl07, PH Volume, 
ml M Excreted, Excreted, ml M ml 

mg % 

SB-3 1360 1.6218 6.79 3.85 1.28 690 3.7154 6.43 2050 

EB-3 2510 1.1220 6.95 5.77 1.65 2215 3.2359 6.49 4725 

JB-3 1770 0.5012 7.30 4.63 1.42 1580 3.8905 6.41 3350 

RB-3 870 0.1738 7.76 3.64 1.32 680 2.4547 6.61 1550 

AC-3 860 0.9550 7.02 4.39 1.46 690 5.1286 6.29 1550 

FF-3 860 3.0903 6.51 3.59 1.20 870 1.9055 6.72 1730 

MG-3 2010 0.4467 7.35 6.64 2.41 1335 1.0000 7.00 3345 

SW-3 2290 1.5136 6.82 9.06 2.42 1710 5.0119 6.30 4000 

RW-3 2220 1.5136 6.82 4.29 1.43 1120 5.0119 6.30 3340 

FW-3 1790 0.4467 7.35 3.32 1.02 570 1.0000 7.00 2360 

Average 1654 1.1385 6.94a 4.92 1.56 1146 3.2354 6.49a 2800 

S.D. 631 0.8598 - 1.79 0.48 550 1.5961 - 1109 

Si 
Average urine pH calculated from the average urine hydrogen-ion concentration. 
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